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Contracted into a ſmall Compaſs, and 
made plain and eaſie to the underſtand- 
ing of any ordinary Capacity. 8 
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] The Doftrines of Arethmetick, Geometry || 

Afronomy, Gauging, the Ute of the Seffor, Surveying, || ©* 
Dyalling, and the Art of Navigation, &c. Illuſtra- 


ted with ſeveral Cuts for the better Expla- 
nation of the whole Matter. 
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9%. SEE oe re ns oem. te 


| of Confu 10 on, 1 mean in fuch a. ſeattered - 
| immethodical. and unintelligible way of 
handling the ſeveral parts apart,” that how + 


| young beginner is extream difficult *to mn-. 


they are wrapt up. in ſuch a Labyrinth wy 


EO THE, 


INGENIOUS: 


HAT which deters many- front» | 


attempting,and the moſt from pr 0<- 
ceeding in theſe Studies, is, Phat 


4 


hard Words, and difficult Terms of Art, . 
that a man may, be ſaid jarſt to learn a+ 
Language before he can come to the things - 
theraſelves : And when he hath crac hed : 
the (bell, and comes tothe Kernel, the ſubs - 
ſtance of the matter doth lye in ſac ha Chaos 


theſe do lye in the whole © Body, or* how 
one piece" depends updn- another , jop* a 


deritand,. if not paſt finding out: Indebd 
A :2 ſeveral 74 


\ 


To:the Ingenious Reader. 
ſeveral men have writ excellently well of” 
. - ſeveral things, and ſome have writ of all 

the ſeveral parts of the Mathematicks , 
Topically , or independently under ſeverat 
diſtin} Heads 3 but 1 have not yet met | 
with any perfec® Analyſts of the whole, or 
ſach a Co-herent continued Method in theſe 
. Mathematical Arts as could be wiſhed 
tn ts [ral piece (therefore) I have indea- 
- zourcd to remedy theſe inconvenienses and. 
ſupply what is defetive. Firſt, For"the 
. Terms of Art, and thoſe. affected migteri-. | 
0#5 waies of expreſſion, I have either avoi- 
ded them totally, or explained them ſufſi- 
. ciently, though whilſt 1 indeavour to ſpeak. 
more plaialy , perhaps by. ſome I may be. 
. #hought to ſpeak leſs Learnedly ;. but if 
hereby 1 attain the end Iaimat, I matter 
. ot; which is tobe underſtood by any that 
anderſland Common Senſe, and Plain. 
. Ergliſh. 
In the ſecond place, Thave endeavoured 
. to bring the Mathematicks int one. entire:| 
Method, whereby you may ſee how neceſ-.| 
farily one part is Co-herent and depen- | 
aznt upon another 5, and ſuch as deſire to- 
findy them, proceeding eHcthedieally front: 
| : one: 


To the Ingenious Reader. 
one thing to another, they muy be greates 


Proficients in a few aayes, than otherwiſe >. 


in many eMoneths, nay perhaps then, 'in 
all their Lives, without ſuch a Method. 
Laitly, In all this, T. have ufed ſo much 


brevity, and withal, fuch perſpicatty, that: 


(according to t##y own weak Fudgment 
ard Underſtanding) there is nothing in-- 
ferted that could be wanting, nor anyghing 
wanting that need be inſerted :-In a word, 


in the reading and ſiudying many Authors, 


.. | what I foundexcellent in any of them, I 


colleFed, and in moſt abbreviated, indea- 
vouring in fewer words to make it more 
plain and eaſie to underſtand :- And af. 
terwards Thave reduced th}s heap of con- 
fuſed ColleFions or Miſcellaneas into one 
perfeF? and entire Method, in every thing 
iudeavouring to make the Body of the 
D3ſcourſe correſpondent to the Title-page-- 
Hoping that this will anſwer both my own 
aud the Ingenions Readers juſt expetFa- 


- tion, and fhew both a nearer and clearer. 


way tothe underiFanding the Mathema- 
ticks : That ſo all may be allured by the 
Plainneſs and eaſineſs of theſe Arts, and 


Perſons of ingenuity inamoured. on. then: 


&.3.* for 


To the Ingevious Readers 
for.their uſefulneſs and delight 5 and ha- 
wing ſo readily paſſed the *Porch., and 
got over the Threſhold, they may have both. 
time and opportunity to. build rare Super- 


ſtruf@ures upon theſe plain Foundations, 


and may improve theſe Arts even to mis 
raculous EffeFs for the finding out many 


rare Inventions get unknown to theWorld ; : 
her, AS MANY (: otherwiſe excel/ent wits 3- 
thordugh their abſtruſeneſe have ſpent their- 


whole. time before they could attain to the 
underflanding theſe very Rudiments, And 


bereupon I thought this not an unneceſſary, © 
Kor.an unuſeful piece of work ;, and I doubt 
zot but.it will be acceptable- to ſotne, tho | 
many I know will be ready to- cenſure both | 


the Bookand the Author ; As for my ſelf, * 
T have been ſo accuſtomed to be miſconſtru- | 
ed in all my Aions,that the wonder would- | 


be, not to be ſo.in this; and indeed I do | 


ſo little value it, that I can ſmile in dif- 
guiſe, to ſee the moſt ſo much miſtaken, in+ 


deauouring in the mean time (as near as F 4 | 
can) to approve my ſelf to Conſcience and. | 


Ozmiſcience. For the Bookna doubt, biit- 
Carping Momus may pick ſome Criticiſmes 
out of it to ſuarl at.; but T hope of no. great 

= motaent : 


| 
| 


To the Ingenious Reader. 
moment 3 indeed the beſt Ations of the. 
= men are ſubjed to Detra&ion,eſpecially. 
their Writings. A detraCtione neminem. 


eſſe immunem nifi-qui-nihil ſcripſerit , 
| ſays a Reverend Father of our Church ;, 


Tho. Epiſc. Covent. And it is well oþ- 
ſerved by another,Facillimum quidem eſt, 
& fait ſemper, alienumopus reprehende- 
re; ſed non perinde facile, aliquid, fi- 


'| mile aut przſtantius conficere : all. 


| 
| 
' 


that I ſhall add, is that of the "Poet, 
Carpere vel nolinoſtra, vel ede tua. . 


Or as it. may be Engliſhed, 


9 o | 
| Either Commend me,or come and mend me. 


[ 
: 
£ 
? 


Ee een dee 


| ———-——$j quid noviſtt rectus iſtis, 


* Candidus imperti, fi non, His utere. 
mecum. 


Vale, Vive bene beateq; 


THE. 
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OR 
- 
INTRODUCTION: 


HE LIBERAL ARTS or 
SCIENCES are reckoned 


Ad  Logick, Muſick, Arithmetich , 
| Geometry, and Aftronomy. Theſe - 
may not unfitly be divided into Two parts : 

Firſt , The Scholaſtical , or Speaking 
Part, Grammar, Rhbetorick, and Logick. 

Secondly, The Mathematical, or Meaſi- 
... ring Part, which comprehends Arithmerick, 
Geometry, and Aſtronomy. 

Muſick which is uſually placed in the mid- 
dle, partakes of a middle or mixt Nature 
betwixt theſe Two Generals. For quoad 
ſonum it may belong to the former, to wit, 
| the Speaking Part, being an inarticulate 
'| kind of Speaking : But quoad proportionem to 

8 - » the 


Seven, Grammar, Rhetorich and, © 


% 
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the latter, to wit, the Meaſuring Part, con- 
ſiſting chiefly in due Meaſures and Quan- 


Titties. | 


It is not my purpoſe at preſent to 
ſpeak any thing of thoſe which I call 
the Speaking Sciences, only to ſhew how 
proper this Diviſion is by their Definiti- 
ons you may take them thus; G'rammatrica 
eſt Ars refte Loquendi , Rhetorica bene Lo- 
guendi, Logica bene Diſſerenal. 


\ 
The. Poet diſtinguiſhes and: commends 
them thus ; 


G. Grata quidem Ratio eff concordi voce 
relata. 

R. Gratior eft Ratio, weniens ratione ve- 
| nuſt a. 

L. Grata ter%eſt Ratio veniens ratione pro- 
 bata. 


Of Grammers there 4s as great Variety 
as of Languages. Lative is a general Lan- 
guage in theſe Weſtern parts of the World, 
and the ground of moſt other Lauguages 
in theſe arts: ſo 1s Greek in the Eaſtern: 
Hebrew the Language we ſhall ſpeak in Hea- 
ven ſay ſome, and the Original. Language 
of all others ſay moſt ; And #igb Dutch, 
as Ancient as the Building of Babel, fay 
many. _ 


; 
: 


But 
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But of all other Grammars and Langua- 
ges moſt ſutable to this preſent Subject, is 
that moſt incomparably ingenious Inventi- 
on of Biſhop W:ltkins (that Famous Mathe- 
matician) which he calls his Philoſophical 
Language, with a way of writing the ſame, 
called his VUniverſal Charatter, which if it 
would be as Univerſally, and as induſtri- 
ouſly praCtiſed, as it is moſt excellently, 


. and ingeniouſly contrived : By this means 


all perſons (at leaſt all of any comMtent 
capacity ) of what Nation or Language 
ſoever might converſe and correſpond with 
one another as familiarly, as 4dam and Eve 


-in Paradiſe, or thoſe Eight in the Ark, 


when the whole World ſpoke bnt one and 
the ſelf-fame Language. But enough of 
Theſeas to my Purpoſe(to ygt) of Grammer, 
Rhetorick, and Logick. 

And for Maſfick, which I call the Meane 
in this Diviſion, I mean not to run any 
large Diviſions upon it ; that Art being 
rather learn'd by PrafLice than by Precept ; 
and my Aim being rather to propound De- 
monſtration to the Eye, than Muſick to the 
Ear. Indeed the Muſick of the Sphears 
might have been no improper Theam, but 
that being grounded vpon the old erroni- 
ous Opinion of their ſo/z4 Orbs, are both 
diſclaimed long ſince by later Writers. In- 
deed, I read, that Philo the Few faies, that 
hereby Moſes was inabled to tarry. in the 

| B 2 5 Mount 
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Mount 40 days, and 4o Nights, without 
eating or drinking any thing, becauſe he 
heard the melody of the Heavens : and 
Plutarch ſpeaks as if a man might hear this 
Aluſick if he were an Inhabitant in the 
Moon : But theſe conceits being by the 
Learned long lince exploded, I ſhall no fur- 
ther touch upon this ſtring, viz. Muſick, 
with the other Speaking Arts hefore-men- 
tioned - But paſling by all theſe, That 
whict I call the Mathematical, or Meaſuring 


Part of the Liberal Sciences is the ſubject I 


intend to treat upon ; and (asI apprehend 
it ) may fitly be comprehended in theſe 
Three, Arithmetick, Geometry, and Aſtrono- 
my: Aſtronomy may be ſaid to meaſure the 
Heavens, Geometry the Earth, and both by 
means and help of Arithmerick. This laſt 
confiſting chiefly in The Rule of Three, the 
two former in the Reſolution ofa Triangle. 
And when I ſay Geometry meaſures the Earth, 
It is to be underſtood the whole Globe of 
the Earth, containing Seaand Land, with 
alt other Bodies therein contained, whe- 
ther Szperfio:zes or Solids: What concerns 
the Land, may in one word be called Sur- 
veying * What concerns the Sea, 1s proper- 
ly called Navigation : And not only both 
theſe, butalſo 4fronomy with theſe may be 
called the Taking of Heights and Diſtan- 


ces: Surveying being Taking Heights and 
Diſtances at Land , Navigation at. Seaz | 


* Aſtro- 


"—_ 
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Aſtronomy in the Heavens, and-of Aſtro- 
nomy, the moſt Mathematical and Prafti- 
cal part is Dialling, or finding the hour of 
the day by the Sun, and the hour of the 
night by the Moon and Stars. 

Therefore to ſ\:mm ap all in ſhort, the 
Mathematical part of the Liberal Sciences- 
are three, viz. Arithmetick, Geometry, and 
Aſtronomy. The Practical part of theſe are 
principally three , Surveying , Navigation, 
Dialling. Theſe three are perforn#d by 
Trigonometrie, or the Reſolution of a 
Triangle , which derives its. name from 
Three, and conſiſts of Three Angles, and 
Three Sides, and theſe found by the Rule 
of Three, makes good that old Motto, Tria 


ſunt Omnia. 


You ſee then, That thegrand Deſign of 
the Mathematicks is to take Heights and 
Diſtances at Sea, at Land, and in the Hea-- 
vens , and to meaſure 11ot only the Heavens 
and the Earth, but all other Bodies therein 
contained, whether Superficies- or Solids. 
AtLand, to find Heights by Diſtances, and 
Diſtances by Heights, where either is ac- 
ceſſible ; and both theſe -by Angles of Po- 


- ſition and Interſefion of Lines, where both - 


or either of them are inacceſſible. Ar Sea: 
for Diſtances, to: find the Diſtance of a- 
Ship North and South, which is called La- 
titude, or its Diſtance Eaſt and Weſt , 
which is called Longitude, or the Diſtance: ' 
'Þ Wa from: 
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from any of theſe Cardinal points, which 
is called the Rhumb ;, Laſtly, the Diſtance 
Run upon the ſaid Rhumb, or upon ſuch a 
point of the Compaſs : I amnot 1gnorant 
in ſtrict propriety of Terms, a Rhumb 
differs from a point of the Compaſs. A 
Rhumb containing two points, viz. the 
point and its oppoſite point : the former 
being the whole Diameter, the latter only 
the Semidiameter of the Compals from the 
Cent&., fo that there are (to ſpeak accor- 
ding to that nicetie) only 16 Rhumbs, 
and- 32 points of the Compaſs; but for 
more plainneſs and eaſe to the Learner, 
I wake them here ſignifie the ſame thing, 
being the ſame in ſubſtance. And by an 
Account kept of theſe to know the Diſtance 
of one Ship froxpanother, or of the ſame 
Ship from the place from whence it ſet 
Sail, or from the place to which it is bound ; 
and conſequently how to direct her courſe 
accordingly. In the Heavens, to find the 
Diſtances of the Sun, Moon, and Stars from 
one another, of one Star from another ; 
_ particularly: concerning the Sun, his Di- 
ſtance from the EquinoCtial, which is called 
his Declination: His Diſtance from any of 
the 12 Signs which is called his place in the 
Zodiack : His Diſtance of Riſing and Set- 
ting from the due point of Eaſt or Weſt, 
which is called his Amplitude : His Diſtance — | 
at any time from any point of the Hori- _ 
M ZOR | 
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zon, Which is called his Azimuth ; toge- 
ther with the Diſtances of all thoſe Cale- 
ftial Bodtes, to wit the Planets, the Sun, 


Moon, and fixed Stars from this Ferreſtri- © 


al Globe : All theſe may be called Diſtan- . 
ces in Aftronomy: And for Heights, both 
in Aftronomy and Navigation, they are 
the ſame ; as taking the Height or Altitude 
of the Sun and Stars at any time above 
the Horizon which 1s called their Alpican- 
taras, particularly the Meridian Altitude, 
either of the Son or Stars : And thereby to 
find the Height or Elevation of the Pole : 
So that by all this you ſee, that the taking ' 
of Heights and Diſtances at Sea, at Land, 
and in the Heavens is the moſt principal , 
and the moſt praftical part of the Mathe- 
maticks : And theſe are ail performd by 
Trigonometry, or by the makingand mea- 
furing , the framing and reſolving of a 
Triangle, either Plain or Spherical : Sup- 
poſing theſe Heights and Diftances to be the 
ſeveral parts, that ts, either the ſides or 
Angles of a Triangle. And to find by ſome 
of theſe Parts known, other Parts unknown 
or per Data, Queſita. 

This Refolving of a Triangle, or Trigo- 
nometry, reſolves all Mathematical Que- 
ſtions,' and may be performed by Inſtru-, 
ments and Protrattton Geometr ically : But 
principally by the 'Rule of Proportion. A- 
rithmetically ;, worthily cargying the _— 


% 
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_ of the Golden Rule, for the admirable Ef- 
fets it .produceth , eſpecially in theſe 


Mathematical Operations. And for the. 


fuller and more ample Explanation of 


theſe particulars, I ſhall proceed to Dif- 
courſe of them in this Method in 3 Books. þ 


I. In the Firſt I ſhall Treat of Arithme- 
tick, under the ſeveral kinds of.it, viz. 
Common, Decimal, Logarithmenical, and Inſtru- 
mental. And in the ſequel of the Diſconrſe, 


as ocC.,fion ſhall be, I ſhall ſhew how theſe | 
may be applyed to the Reſolution of a |. 


Triangle, or any other Mathematical 
Queſtion. - | 


I. In the Second Book I ſhall Treat of 


Geometry, or any other Mathematical 
Queſtion. Firſt in general, and of the 
Three Famous ,Grametrical Figures , the 
Circle, Square, and 1riangle ; eſpecially the 
laſt of theſe. And then Secondly, In par- 


ticular I ſhall ſpeak of Geometry, as it con- © 


ſiſts in Surveying and Navigation ; and 


ſhew that theſe are no more than the Reſo- } 


Intion of a plain Triangle. 
I]I. In the third and Iaſt Book I ſhall 
Treat of Aſtronomy, and therein of Proje- 


Ction of the Sphere, Queſtions of the. 


Sphzre and Dialling, and ſhew that as Sur- 


veying and Navigation are performed by | 
the Reſolution of a Plain Triangle, ſo theſe 


by the reſolution of a Spherical Triangle. | 


y x THE. 
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CHAP. I. 
Which as before I do divide into 4. *Parts.,. 


I. Common, 2. Decigal, 3. Loga- 
rithmetica], 4. Inſtrumental; or Li- - 
neal. . Of theſe in their order. . 


OMMON ARI THMETICE:'to 3 
thoſe that are expert .in it, eſpe-- 
cially in working by Fractions, . 

| | is of ſingular uſe, and abſolutely - 
neceflary ; and for the moſt part * 

of ſufficiency enough > for - Mathematical ! 

\ Operations; and withal it is to be ſuppoſed,,, 

{ That no man that attempts the Mathema- 

ticks, but in ſome meaſure underſtands thoſe - 

Common Things of NVameration,' Adaition, , 

B.'5. Subo- 


Bl 
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Subſtraftion, Multiplication , and Diviſion , 
therefore I ſhall be very brief in them ; and 
only tell you | 


SECH> tb. 


Numeration is the Reading of Figures 
according to the value they receive from 
the place they ſtand in : The Firſt place 
ſignifing Units : the Second, Tens: the 
Thirq, Hundreds : And'the Fourth, Thou- 
lands, according to the enſuing Table. 


| Numeration 


+ >a a 


Are 
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Numeration T ABLE. 


Units. EM - 
. Tenns, 112 | 
: Handreds. | 123 
Thouſands. 1234. | 
X, Thouſands, 12345 

C. Thouſands, 123456 
Millions, 1234567 kf 
X. Millions. 12345678 ” | 
C. Millions. «123455789 | 


. Thouſand: Millions. | 1234567891 
X, Thouſ, Nillions. | 1 2345678912 
C. Thouf, Milliens. | 123455789123 | 


| Dillions, 1234567891234 
' X. Dillions. "| 12345678912345 
| C. Dillions. 1234567891234 56 


' Thouſand: Dillions. | 1234 567891234567 4 
X. Thouſ.. Dillions. | 1234567891 2345678: 


\ C, Thouf. Dillions. | 123456789123456789 


- Trollions. 1.234567891234557891 
| X. Trollions. 123456789 12345578912 
t., Trolhons. 123456789123456789123 


Thouſand Trollions | 1234567891234557891234 
X Thouſ. Trollions. | 123455678912345678912345 | 
'C. Thouſ. Trollions * 1234567891 234567891234 561 


bn —————— 


One Hundred Twenty Fhree Thouſand 


Four Hundred Fifty Six Trollions Seven - 


Hundred Eighty Nine Thouſand One Hun- 
dred Twenty Three Dillions Four Hundred: 
Fifty Six Thouſand, Seven Hundred Eighty _ 
Nine Millions One Hundred Twenty Three: 

Thouſand Four Hundred Fifty Six: _ 2 


a 


- the Remainder. 
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I. Aadition is the adding of two or | 
More Sums together, to find the Total. 


In like Denominations. In divers Denom. 


D. - M. Sec. 
_ 6739432 (Degrees D.J 136 11 9. 
1903407 <Minutes 1 P 320 10 45 
8542079 (Seronds jj) 429 54 26 


17234978 Summa Total. 886 16 20 


mm. 


SE C3. 2 


WI. Subtrattion is the Subſtratting or De- 
dutting of one Sum from another, to find 


D. 1 ; Il. 

As from 2345 365 49 
Take 873 18 13 
Remainder is 1472 I8 36 


———_ _____G 


| 
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SECT.* 4 , 


Iv. Multiplication is a Compendious Ad- 
aition. | 


The TABLE. 


— 


In Multiplication the Sum to be Multi- 
plyed is called the Multiplicand, the Sum 
by which the other is Multiplyed, is called 
the Multiplyer, and the Number produced 
by theſe is called the Product, | 


*  Multipli- 


% 


. 
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Multiplicand 463298765 
Multiplyer 23 
1389896295 | 
926597530 


———_r_——_—__—_—y Ry R—_———_— 


Product a00TIN7 0303 | E 


ha. od 
L— 


To Mitriply ——_—— by any of the Nine 
Digus, without charging the Memory. 


To Multiply any Number by 2, 
Either double it, or ſet it down twice, 
- and add the two ſums together. 


To Ffultiply by Z. 
Fo the Number given, add the double 
thereof, the ſum of them fhall be the Pro- 
duct. 


To Multiply by 4s | 
— Double the Duplication ofthe Sum given. | 


: 
To Multiply by $5. 


To the Number given add a Cypher , | 
and. the half of that Number is the Produtt. 


To Multiply by 6, 
To the Number given add a Cypher, 
then take the helf of that Number, and to 
bn it / | 


THESE » - —_ 
a os 
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| it add the Number given, the'Sum of —_ | 


ſhall be the Product. 


To Multiply by 7, 
To the Number given add a Cypher , 
and take the half thereof,. to which half. 


| add the double of the Number given, the 


_ ſhall be the ProduR. 


To Multiply by 8, 
To the given Number add a Cyph#, and 
from thence ſubſtra&t the double of the 


- Number given, the Remainder will be the 


Produft. 


To Maltiply by 9» 
Add a Cypher to the given Number, and 


from. thence ſubſtrat the®given Number, 


the Remainder ſhall be the Product. 


To Multiply by 10 add a Cypher, to *” 


multiply by 100 add two Cyphers, by 1000 
add three Cyphers, and it is done. | 


If Cyphers be in the middle of the Myul- 
tiplyer among other Figures, remove the 
next Figure a place farther where any Cy- 
Pher comes, and add the Lines together in 
the ſame order they ſtand. 
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SE CH 4: 


Diviſion is a compendious Subſtraftion, 
wherein the Sum to be divided is called 
the Dividend ; the Sum by which we divide 
the ſame, iscalled the Divsſer ; what is pro- 
duced thereby, is called the Quotient and 
the Frattion, Example. 

regr(s 
Dividend  4679r38[.2034404+ parts: 
' Divifor 2333333. Quot. Frattion. 
22222 


In dividing any great Sim, to know certainly 
What Fignre tdÞut in the Quotient, and 
to Divide the Sum by Snbſtratlion 
inſtead of Multiplication, 


Firſt; Set down your Diviſor, andagainſt 
it the Digit-1,. In: the next- place-double. 
.1t, and againſt that ſet the Number 2.. 
Add the former two Sums together, and 
againft 'that ſet the Figure 3, to that Num-- 
ber. add the Diviſor, and againſt that ſet. 
the Figure4, &c. ſo you will have a Ta- 
. ble of-the -9 Digits, and may ſee againſt 
every Figure how much the- Multiplication 
of your Diviſor by any Digit will amount 
unto z ſo that when you ſee your Remainder 

In - 


e 
an C..O0 ac | W_ [ —"y a—m— 


-— ,» V0 wy. 
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|- in your Diviſion, look in the Table for the 


oF 
neareſt Number leſs than. your Remainder, 
and that Digit which ſands againſt that 


Number, you mult alwales put in your 
Quotient. 


To Divide by any Number that hath Cyphers 
to the. Right Hand. 


| To Divide by 10, cut off the laſt Figure 
towards the Right Hand, and the geſt of 


' the Figures are the Quotient. To Divide by' 


100 cut off two of the laſt Figures, by roco 
three, &c. To Divide by 20; cut off the 


| laſt Figure, and take the half of the Re- 


mainder. 


As for nos 

To know how many Pounds there is in 
243[ 6 Shillings is the ſame as to Divide by 
20. Therefore cut off the laſt Figure 6, and 
take half the reſt, that is,. half 24-3, is 12x 
Pounds, and there remains 1, and the 6 cut 
off for _the Fraction , which is i, or 16 
ſhillings,, and ſo in any other Sum. The 
ſame Reaſon holds if you be to divide by 
30, cut off the laſt Figure, and take the 
third part; and if by 4o the Fourth, 50 
the Fifth part, and ſo forwards. The re- 
maining Fraftion being alwaies the parts 


of its reſpeCtive Integer. 


Theſe 
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Theſe Four , viz. Addition, Subtraftion} P'! 
Multiplication, and Diviſion (not to mentioq| © 


A 


Numeration, which is only the Reading of 
Fignres) do contain the whole Praftice c 
Arithmetick, being judiciouſly applyed and 
made uſe of according to the Nature of each 
ſeveral Queſtion, and by the Invention of 
Logarithmes theſe Four are reduced to 
theſe Two only, viz. Addition and Subſtra- 
. ion, as you will hear hereafter. 

Bu* beſides theſe Eſſential parts of Ar:th. 
metick , there are divers other neceſſary 
Rules for direfting the way or manner of 
Operation by theſe. 


$ ETTF. G 


Therefore in, the ſixth place is that in- 
comparable Rule of Three, worthily carry- 
ing the Name of the Golden Rule, eſpecially, 
and above the reſt to be taken notice of; 
which yet in the Operative and Pratick 


part of it, is no more but the right Appli- | 


cation of Multiplication and Diviſion, that 
is, by 'Three Numbers given, to find a 


—_— —_ 


Fourth , according to theſe Two Dire- 
tions. | | 


Firſt, If the Third Number be greater | 
than the Firſt, and the Fourth required to | 
be greater than the Second, then Multiply | 
the Second by the Third, and Divide the | 


Pro- 


90m. 9 Ante UE IE” Ts 
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Zo} Produtt by the Firſt, the Quotient gives 
io! the Fourth Number. | 


> off As if 12 yds. of Cloth coſt 3 1. what: 


coſt 
and) 435 yas. Wo." 


ach — z2(9 | 
df x39 5 [10837 or } 1. 
to} 1305 X22ZZ 
7 XX 


h. 

ry| ter than the Firſt, and the Fourth retired 
of | to be leſs than the Second, then Multiply 
the Second by the Firſt, and Divide by 
the Third. As, ; 


Secondly, If the Third Number of 


If 12 men raiſe a Fort in 8 days, in how ma- 
ny days ſhall 24 men do It. : 


; 8 as 

| 12 g6[.4 dayes. 

| _ > 
96 


I. The Direq Rule 1s, when more re- 
| quires more, and leſs leſs. 

| , IL. The BackRuleis, when more requires 
| leſs, or leſs more. 

{ Forthe placing the Numbers right, ob- 
; ſerve this Rule in the Diret# Rule of Three. 
| . Three Numbers being given, the. Que- 
| {tion is annexed but to Qne, and this muſt 
. alwales 


- 
k 
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alwaies be the Third Number, and that 
which agrees with this Third in the ſamy- 
Denomination muſt be the Firſt, and tha 
which remains the Second. As if the Que- 
ſtion were put, If 10 yards coſt 8 /. how 
many yards may we buy for 121. place them 
thus ; If 8 buy 19, what will 12 buy. 


= © 40 oe F 


The next Rule.which I ſhall here men- 
tion, is the Rule of Fellowſbip, which is, when 
feveral Merchants or other Men put in e- 
veral Sums together into Stock, and Tra- 
ding therewith, they either gain or loſe 
ſo much in the whole; Now the Queſtion 
wHl then be, what every particular Adven- 
turer ſhould haye of the Profit, or bear'of 
the Loſs according to eack mans due pro- 
portion. To do this, ſay, If the whole 
Stock produce ſo much as is the whole Pro- 
fit or Loſs, then what gives the Firſt mans, 
Second and Third mans part of Stock ſe- 
verally making each mans particular Stock 
the Third Number to theſe other T'wo 
Numbers, (viz. the whole Stock, and the 
whole Profit or Loſs) and the Fourth will 
be each particular mans Profit and Loſs. 


If 


: 


As if Three Merchants put into Stock | 


lt 


was nnd Wie eel ey E* © 


1684 pounds, The Firſt puts in 7501, the | 
Second 620/, and the Third 3141, They | 
| , : 


Trade | 


; 
J 
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Trade together till they gain 5007, The 
Queſtion is what every one ought to have 


* for his ſhare. 


For the Firſt ſay, 
If 1684 /. give 5007. what gives 750 L. 


For the Second ſay, 


If 1684 /, give_ 500 /. what gives 620 /, 


For the Third ſay, 
If 1684 /.. give 5007. what gives PL, A 


SECT 


To find a mean proportional, Multiply 
one Extream Number by the other, and, 
the Square Root of the Product is the mean 
proportional : As 72 multijfyed by 32, the 
Product is 2304, the Square Root whereof 
is 48: For. proof 48 multiplyed by 48, 
produces the ſame Number 2304, and this 
is the mean proportional detwixt 72 and 32. 


SH#CT. 4 


To conclude this particular, The Extra- 
cting the Square and Cube Root is the hard- 


.cſt Leſſon in Common Arithmetiek : Thoſe 


which have a mind to do them this way, 1 
ſhall refer them to the Sea-mans Kalender , 


in the latter end of which Book itis piainly 


. ſet 
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et down : Butthis way being very difficuly 0! 
and tedious, I ſhall ſhew you very ſhort an SU 
eaſic wayes hereafter to do it by Logad Bl 
rithmes,Gunters Settor, VVingates Rule of Pr 

portion, Or any ordinary Line of Numbe 
whereunto I refer the Reader at this time} 1 
and ſhall proceed to the Rule of Falſchood| 5* 


$SHFCT, 20. 4 CC 


The Rule of Falſehood is fo called, becauſe L 
it teacheth (by feigned Numbers taken at be 
all adventures) to find out the true Num} 
ber that is demanded; And that 1. Either| 
by one Falſe Poſition : Or, 2. When it re-| V 
quires two falſe Poſitions. | 

The Rule of one falſe Poſition is this, In I 
ſtead of 3 Numbers given in the Rule of} * 
Three, by tho to find a fourth; In this t 
Rutke we have but one Number that cometh} 5 
insſeto work by : Unto the likeneſs where: 
of we muſt feign ordeviſe two other Num- 
bers, which ſhall hold the ſame proportion 
to one another which the third number gi- 
ven ſhall have to the number ſought As 
for Example. 1I delivered at Intereſt a cer: 
tain Sum of Money at 6 per Cent. and at the! 
end of 10years I received 500l. for Princt-: 
pal andIntereſt, 1 demand how mnch. was! 
the Principal Sum ? "oy 

To anſwer this, let ns feign a Number at! 
pleafure, and with the fame, let us make! 

e | Our 


bids, ng oo #\ ©, + £5 


fri, 


E 
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if our Diſcourſeeven as if it were the principal 
4 Sum we ſeek for As Suppoſe I delivered 

him at the firſt 200 /, which in 10 years at 
| 6 per Cent. Simple Intereſt will amount to 
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1201, which added to the principal 200 /, 
makes together 320 /, but this ſhould be 
500/: Therefore ſay by the Rule of Three, 
If 320]. come of 2007, what doth 560 7. 


{ come off? Multiply the two laſt Numbers 


200 and 5eol. by one another, they amount 
to 10000 /, which divide by the firſt Num- 
ber 320, and the Quotient is 312:, hich 
is the Sum ſought for, or the Principal 
Sum delivered at Intereſt at the firſt: You 
will find the ſame number, If you ſuppoſe 


| 160 /. tocome of 1001. then 50oL. will in 


like manner come of 312: as before + Or 
any other ſuppoſed Numbers which hold 


| the ſame proportion to onemnother, which 


500 7d. holds tothe Number ſought. 
2. The Rule of Two Falle Poſitions 1 
ſhall endeavour tomake plain on this man- 
ner, ſuppoſe 'an 100 Ducates is to be divi- 
ded amongſt 3 Perſons, the firſt to have a 
certain number of them,. the ſecond muſt 
have twice ſo many as the firſt, abating 8 
Dancates, and the third muſt have 3. times 
ſo many as the firſt, leG by 15 Dv- 
Cates. Now I demand how many every one 


{ ſhould have. 


Firſt, You may imagine any number at 


| ptaſure which you ſhall call the firſt Poſi- 


. tion, 
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tion, and with the ſame you ſhall work in B 
ſtead of the true Number ; and if-you f yt 
you have miſſed of the true Number thay th 
you ſeek, then is the laſt number of thif ct 
work either too great, or too little ; whicli (z 
number you ſhall note: with the ſign off n( 
more or leſs, and that you call the firſt Er4 1 
ror ; now the ſign of more ſhall be note( 

with this Figure +, the ſign of leſs with 

this plain Line —. For Example, Suppok 

the firſt man in the Queſtion had 30 Du- 

cats}© then by the order of the Queſtion t1 
the ſecond ſhould have 52, the third 75j| y 
theſe three added, make 157, and I ſhould] tt 
| have but 1003 ſo that this firſt Error 1s too} 1 
much by 57, and therefore I ſet down the} 5: 
firſt Poſition 3o with his Error 57 thus} A 


301-57: : fi 


The next thing to be done 1s to ſuppoſe} v 
another Number, which you muſt call your} t!: 
Second Poſition, and note its exceſs or} c: 
want of the true number, and that you call} 2 
the ſecond Error. As for Example, Suppoſ} 3 
you take 24 for the firſt Man 1in the Que} 1 
ſtion, then by the order of the Queſtion, 
the ſecond was to have 40, and the third! E 

7 ; theſe three added make 121, andl muſt} t 
ut have 100, ſo the ſecond Error is too} © 
much by 21, and therefore | note it dowa! f 
y 

2 


"under the former thus, 29% 24 2 Then! 


C 


- 
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{ you muſt Multiply the firſt Poſition 30 by 
tf the ſecond Error 21 Croſswiſe ; and again 
4 the ſecond Poſition 24 by the firſt Error 57, 


(and this muſt alwaies be obſerved ) and- 


{ note down the two Produtts, viz. 630, and 


1368, then obſerve this Rule, 


Both figns alike SubſtraCtion do require, 
But unlike ſigns Addition will deſire, 


And accordingly, If both fjgns be glike, 
that is, both too much, or both too little, 
you muſt ſubſtraCt the leſſer Produ&t from 
the greater ;-as in this Example, 630 from 
1368, and note the Remainder, which 1s 
738, and this muſt ' be your Dividend. 
Again, you muſt ſubſtra&t the leſſer Error 
from the greater, viz. 21 from 57 Reſts 36, - 
this muſt be your Diviſor®Therefore Di- 
vide 738 by: 36, the Quotient ſhall be the 
true Number ſought, or the Number of Du- 
cats which the firſt man was to have, viz. 
20:, and conſequently the ſecond man had 
33,and the third 46-, n.aking inthe whole 
100. 

But note, that if- the [ſigns of the two 
Errors had been unlike, that is, if one of 
the Errors had been too. much,, and the 
other Error too little, then inſtead of ſub- 
ſtracting the one Product from the other,, 
you mult haye added the one to the other ; 


| and likewiſe you muſt have added both the 


G 0 Errors 


Errors you myſt have. divided the Tc 
Sum of both the Products, and the Quoti: 
ent ſhould then have been the true Number 
ſought. As for Example. 

If the two Poſitions were 24 and 20 


-much, and the ſeeond will be 3 too little 
Therefore multiply 24 by 3, produceth 7 
Likeyiſe, multiply 20 by 21 produceth 420, 
and becauſe the ſigns of the Errors are ur 
like, add them 492, which ſhall be your 
Dividend; andagain add the leſſer Errc 
3 with the greater 21, makes 24 for you 
Diviſor ; and laſtly, Divide 492 by 24 
the Quotient is 20; as before, for the firſ 
| mans ſhare; and conſequently the ſecond 
muſt have 33, Und the third 46!, making 
up together 100, as in the former Example 
And this I hope is ſufficient for the under 
| ſtanding of this excelent Kwle of F alſchood, 
or of Fa'fe Poſitions, in the ſeveral kinds © 
it; though | might have added variety c 
other Examples: But to avoid prolixitig 
and for brevities ſake theke may tuffice. 
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Errors together, and by the Sum of thok 


| 


you will find the firſt Error will be 21 toy. 
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Pl 
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CHAF. IL 
Of Decimal Arithmetick. 


| | Þ the Second place moſt Mathematicians 


douſe and extol Decimal Arihmerick, and 
do accommodate all their Scales, = 
and Lines to this kind of Diviſion, aid not 
without cauſe, whereby they have this ad- 
vantage, that the Fractions which in Com- 
mon Arithmetick are of divers Denomina- 
tions, in this are all. Decimal Fractions 
that IS, 3*- +5 +5 Parts of any thing, 
and by adding Cyphers , they may bring 
them to ſmaller Fraftians Sand this makes 
the working by Fractions far more eaſie 


and exact. 


To Reduce ordinary Fraflions into Decimal. 


Multiply the Numerator (or the Number 
above the line) by 100, or 1009, and Di- 


' vide the ProduCt by the Denominator (or 


that Number which is under the Line) and 
the Quotient ſhews the Numerator of the 
Decimal Fraftion ; As } multiply 3 by 100 
(by adding 2 Cyphers) makes 3oo, Divide 
300 by 4, and the Quotient will be 75, fo 

C2 -o that 
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that : in Common Fractions is 7. in De- 
cimal. 


yy ——_— 


CHAP. 1. 


Of Logarithmetical Arithmerick. 


[| N the third place the Invention of Loga- 


rithmes by my Lord Napier is an excel-| 


lent Invention; for what is done by Com- 
mon or Decimal Arithmetick by Multipli- 


cation and Diviſion, are done by theſe ar-| 


tificial Numbers, by Addition and Subſtra- 


| @:on Only: The Square Root is extracted} 
If. by Bipartition, and the Cube Root by Tri- 


partition ; to eXplain theſe more particu- 
larly in all the neceſſary parts of Arithme- 
tick, as firſt Numeration in Logarithmes, 
or how to-read them, | 


"> + A 


In the Table of Logarithmes you will! 


find againſt every Natural number (from 1 
to 10co)) its artificial Number or Loga- 


1 
; 


| 


OB dC nn &5 Py 


rithme} ſoif you ſeek the Logarithme of 


5©,is 1.698970, and if vou would find the! 


[ 


natural number to thisLogarithme 1.62 249, 


of 


over againſt it you find 42, and ſo the like! 
; . C : 


| 
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of all others. And what is ſaid of Loga- 
rithmes, as to numbers, the like 1s to be 
underſtood all along of Natural Sines and 
Tangents,and their Artificial Logarithmes, 
| as you may percelve by the Tables. 


By the Table of Logarithmes, to find the Lo- 
garithme of a Number conſiſting of 4 p/a- 
ces, as ſuppoſe 5628, the ordinary Num- 
bers reaching only to 1000. . 


Firſt, Take the three firſt Figures, viz. 
-| 562, and find that in the firſt ' Colum un- 
1 der the letter 2, then for the laſt Figurez 
which is 8, Find amoneſt the great Figures 
| In the head of the Table, and in thecom- 
mon Area or meeting of theſe two lines you 
will find .750354, before which 1 place 3 
for the proper Charatteriſtick makes 
3.759354 the Logarithme of 5628, which 
was required. | | 

{ .Now beſides the Logarithme it ſelf, there 
# 18 alſo to be placed before it his proper 
{ CharaQteriſtjick, viz. a Figure confiſting of 
{ an Unite leſs than. the number of digits or 
places itn the ſaid n'mber,whoſe Logarithme 


-| Is to be expreſſed: As the Characteriſtick 


| of any number cenſiſting of one Figure is 0, 
| of two Figures 1, of three Figures 2, &c. as 
| the Logarithme of 415 is .618048, and be- 
| cauſe it conſiſts of three Figures, its Cha- 
C3 ' * rafteriſtick 
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racteriſtick is 2, placed thus with a Comma 
2,01 8048. 


To find the Logarithme of a proper Fre 
(tion, as of 3. Firſt | find the Logarithme 


of its Denominator 3 to be 0,477121, then} 


I find the Logarithme of its Numerator 2 
'tobe 0,301030: And ſubſtraQing the lat- 
ter from the former , there remains the 
Logarithme of 4, which is 0,17609 1. 
C* : 
SETS. 4 


To Multiply by Logarithmes is to add 
one Logarithme to another, and that does 
the fame as to multiply the natural Num 
bers : As to Multiply 


24 by Log. 1.380211 


32 is Log. 1.505150 

_ 90112224 TN I 
48 2.835361 

72 

68 | 


| 


EFNETEE- 


mp, 4 79. > 5-0 


Over againſt which Logarithme you will: 
find in the Table the natural number 768 


SHEET. 2. 
To Divide, is to Subſtra&t one Logz- 
rithme from another, and that does the! 


ſame} - 


' for Example. 
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fame as to divide one natural number by 
another. 


As todivide 36 whoſe Log. 1.556302 
by #Z whoſe Log. 1. 079181 


— 


PRI" 


"= Reſts 0.477121. 
Which Logarithtne you will find to anſwer * 
to the natural Number 3 the Quotieut as 
before. "ol 


SE cT. 4. 


To Perform the Rufe of Three by Loga- 
rithmes. As in Common Arithmetick we mul> 
tiply the Second Number by the Third, and 
divide by the firſt (whichis the Dire Rale 
of Thre pf ſo yeu muſt add The Logarithmes 
of the ſaid Second Number and Third toge- 


| ther, and from the Total ſubſtra@ the Lo- 


garithme of the firſt number, and the re- 
mainder 1s the fourth number ſought. As. 
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If 12 give q, what gives 60. 3 
{ 

65 | fo 
—_ tt 
(0 Log. of 41s ©. 602060 ye 
24 of 60 1s 1. 778151 W 
X22 = F 1s 
bY Added are 2.380211 | fi 
—— Subſt. the third al 
20 Numbers Log. $07 SINL F. 
Reſts 1.301039 th 


Which in the Table you will find to be thy as 
Logarithme of 20, the Quotient by Com 


mon Arithmetick as above. 1N 
_ | as 
SEE C T..-$- 4 N 


"To Extra@t the Square Root(which is the 
{ame as to find a mean proportional betweet 
1 and the numbers given ). therefore tal tv 
do this obſerve, That balf the Logarichme} 8: 
of the Number given is the full Logarithmey 8: 
of the Square Root : So the Log. of 144 if L 

2.158362, half whereof is the Square Root q 
viz. the Log. of 12, 1.07918. | be 
BY 


SCF, £6. 

To Extract the Cube Root is likewiſe no! 
more but to take the third part of the! 
*- : Loga- 
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 Logarithme of any Number, whoſe Cube 
Root is demanded, which third part ts the 
Logarithme of the ſame Cube Root: As 
| for Example The Log. of 64 is 1.806180, 
the third part whereof is 0.602060, which 
you wlll find to be the Logarithme. of 4, 
whichis the Cube Root of 64+; the reaſon 
| is, becauſe the Cubiq; Root is always the 
| firſt of two mean proportionals betwixt ty, 
and the number given : 

Note that any Number i Ro it 
| ſelf, the Product is the {quare number, and: 
the Square Root is that ſame firſt Number:-;; 

as 8 multiplyed by 8 gives 64. his Square.,. 
ar his Root 8. And multiply a Square: 
| Number by his Root gives you the Cube ;, 
:þ as 64 m-ltiplyed by $ gives 5.12 the Om 
4 N. umber, his Root 8, O 


neg TRecT 2 
1 To find a mean proportional between. 
of two Extream numbers given. Add the Lo- 
ie garithmes of the two Extream numbers to- 
kj gether; the half of the Sum ſhall be the: 
is Logarithme of the mean proportional re- 
bl quired. As to find a mean proportional 
; betwixt $ and 32, which ſhall bear the ſame 
| proportion to 32,. as $does to it. 
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"The Logar. of 8 is 0.99 3090 
The Logar, of 32 is 1.505150 


— 


Added together is 2.408240 
Half whereof is 1.204120 


The Log. of 16, the mean proportional; 
for as 16 is to $8, ſo1is32 to16. 


. Thys you have Numeration, Multiplics 
tion, and Diviſion by Logarithmes : Alf 


the Rule of Three, The ExtraCtion of. the} 
Square and Cube Root, and to find a- mean} 


proportional between two Extream Num- 
bers given. | 
Herthat deſires to know more of theſe, or 
' more at large concerning theſe, I refer him 
to the latter eftl of Gunters works, from 
whence theſe are for the moſt part colleCted, 


* 
"FOES F0 


—— — 


CHAP. IV. 


Of Inſtrumental Arithmetick, | 


'N the Fourth place I proceed to that kind 
of Arithmetick, which. I call Inſtrumen- 
tal or Lineal, becauſe it is wrought upon; 


Lines and Mathematical Inſtruments. Thoſe ! 


- Which 1 ſhall mention are theſe Three, Mr. 


4 


Ll 


_ —_— 


i a, 
HY COOPER Se SF 32. , 
my 


C Gunters! 


Ow 0 Ft 


| 00k Of Arithmerick © 35 
Gunters Seftoy, Mr.. Wingates Rule of Pro-- 
portion , and Mr. Sech Partridge's Sliding: 
Rule,. being only the Lines of Numbers , 
Sines, and Tangents diverſly improved. 


oY = of ARS 


1;} The Excellency of Parrridge's Sliding: 


 Ruke confiſts in this, That one may work 
upon. it without Compaſles,. and after the 


+| fame be right ſer, it often reſolves ſeveral 


veſtions at.once, without altering te po- 
| ron only tho which I have ſeen, are: 
' ſet to fo ſhort a Radius, which makes it leſs 
exa@t,. and more ſubject to Error. 1: ſhould. 
adviſe the Reader to buy the Book, as be- 
ing very plain, and for the accommodating 
of it to.any other Lines of Numbers, Sines,. 


nj and Tangents, which may be to a larger 


TA a Er en EM 3.5 9.” 


Radius, and to uſe Compaſſes, obſerve this. 
general Rule, That what is Termed in the: 
ale of that Inftrument, [Set ſuch a num-- 
ber on the Firſt toanother number on the 
Second, Then againſt the Third Number on: 
the Firſt, is the Fourth on the Second. ] The: 
fame upon the plain lines of Numbers, Sines: 
and Tangents, with-a pair of Compaſſes, is. 
thus worded [Extend the Compaſſes from: 
fuch a number to ſuch a number, (or front 
the firſt number to the ſecond) > TFhe ſame: 
Extent the ſame way will reach from the: 
Fhird Number toa-fourth requized- This: 
| © Cdifrrence 
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difference obſerved, the ſame Book and Di- 
rections will ſerve for either this Rule, or 


any other line of Numbers, Sines, and 


Tanygents whatſoever. 


FAETT 2. 
Next as to Mr, VVingates Rule of Pro- 


Portion, its excellency confiſts in this, that} 


it is done to a very large Radius,. and--ve- 


ry neat diviſions, ard therefore ſo much thef 


more Exact. 
__ Likewiſe by this you have the Square and 
Cube Roots by inſpection only, and the 
reaſon is, becauſe to a very. large Line of 
| Numbers, called by him the great Line of 
Numbers there is adjoined a line of Nam- 
bers twice repeated to find the Square Root 
and mean prop@tions, called by him the 
mean line of Numbers, and likewiſe a line 
of Numbers 3 times repeated, called his lit- 
tle line of Numbers, and this applyed to the 
aforeſaid great line of Numbers finds the 


Cube Roots, and both theſe by inſpection | 


only. 

In other principal Reſpects both theſe 
Rules do agree with the lines of Numbers, 
Sines, and I angents. upon the outward. 
edge of Gunters Sector, . he being the firſt 


Author and Inventor thereof; therefore ha- # 


ving hinted to you wherein the particular 
Excellencies of theſe other two Rules do 


Rd Lan A ad al os. Ha a T 
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conſiſt, I ſhall ſhew you the general Uk of © 
theſe Lines of Numbers, Sines and Tan- 
gents upon the SeZtor ( being the ſame in 
ſubſtance with thetwo former, only diffe- 
rently improved) as I aid before. 
of & «& AT | 
Therefore \in the third place Gunters 
Sector I account the moſt excellent Inſtru- 
ment of all other, and moſt general for all 


\ Uſes, Intents, and Parpoſes whatſgever ; 


not only in working all proportions , but 
it may alſo calily be improved to an excel- 
lent Quadrant and Theodolite, thereby to 
take Heights and Diſtances , and by that 
means to become a Panorgaron, an Univer- 
fal Inſtrument to do any thing or every 
thing both for Calculation and Obſervati- 
on: But in this place I inFend only to in- 
fiſt upon what it hath Common with Par- 
tridge's Sliding Rule,and//ingare's Rule of 

Proportion 2 Towit, | ol 


The Lines of Numbers, Sines, and Tangents, 


Then to ſhew you, - | 

I. Numeration upon the Lines or the rea- 
ding of them, which is on this manner. 
The Line of Numbers confiſts uſually of 
two parts, the former and the latter, each 
numbred with theſe Figures, 1.2.3.4- 5-6. 
7-8. 9.1, being the ſame Line twice re- 
| | 0 peated. 
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\ peated. Now theſe Figures according as 
you have occaſion, may fignifie either fins 
gle Units, Tens , Hundreds, Thouſands, 
Ten Thouſands, or any other imaginable 
Number, by Mr. Wingate called Primes, 
Tens, Centeſmes, Millains, &c. And the 


ſmaller diviſfons fignifie proportionably in} 


_ order to what their Primes are taken for, 
And in reference to the firſt and ſecond part 


of thiz,Line take this Rule. If the Priwes| 
that is the large Diviſions. where the" Fj 


gures are plac't do im the former part ſig- 
nifie Units, only the ſubdiviſions are 


\ 


wad ao 


Tenths parts of the fame Units, &c. accor-} 


dingly if ſmaller Diviſions happen under 
theſe : And the Primes in the fecond or lat- 
. ter part of the Line ſignifie Tens to the 
former Units, $id Hundreds, if the firſt 
Primes ſignifie Tens; Thouſands,if the firſt 
ſignifie Hundreds, &c. Now to give one 
Example forall, The firſt Prime in the ſe- 
cond part is divided firſt in 1o parts, and 
thote Tens are again really divided into 
Ten more, and theſe laſt atleaſt ſuppoſed 
to be divided into Ten more ſtill ; ſo that 
fuppoſe a man-would namber upon. the Line 
x$1575. The firſt part of the Line ſignifies 
the Firſt Figure 10. Thouſand. The firſt 
Prime. in the ſecond part ſignifies the | 
cond Figure 1000. Five of the larger Di-| 
vidions-into Tensfignitic. goo, the ſeven ſubs] 


divifions 


nin, fig 4 BY £7 wood 
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diviſions intoother Tens, ſignifie 70, and 
adding to theſe half of the next ſmall Di- 
viſion by Eſtimation, fignifies the odd 5, 
ſo at that very place you have 11575, and 
ſd of any other Number, whether bigger 
or leſſer. 

For the Line of ines, *tiseafie being num- 
bred by 10. 20. 30.40. 50. 60. 70. 80. go. 
and the former part with r. 2. 3. 4.5.6. 7. 
$. 9. Theſe ſignifying ſingle Degrees, and 
the ſubdiviſions firſt into 6, each Mir 
10 Minutes, and thoſe again divided into 
halfs , which ſignifie 5 Minutes, the reft 
ſupplyed by Eſtimation or Suppoſition : In 
the ſecond part they are firſt divided into 
Ten larger parts, which ſignifie each one 
Degree, and thoſe Ten ſubdivided into 6, 
which ſignifie each 10 Mirfites, &c. 

And what is faid of the Line of Sines, 
the fame may be ſaidof the Line of Tan- 
gents, ſignifying alfo Degrees and Minutes, 
and proceeding forwards to 45, at the end 
of the Line, and ſo backwards to go, where 
you begun, as you will ſee figntfied by Fi- 
gures to that purpoſe. | 

Having as plainly as I can-expreſſled N#u- 
meration upon the Rule, in the next place I - 
cameto-ſhew you the next conſiderable Rule 
in Arithmeticky upon theſe Lines : To wit, 


IH; Afvul- 
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Il: Multiplication : And to Multiply, Ex- 
tend the Compaſſes upon the Line of Num- 
bers from 1 to the Multiplicator. This 
done, the ſatne Extent the ſame way will 
exactly reach from the Multiplicand to the 
Product required: As for Example, To mul- 
tiply 42 by 33, extend your Compaſſes 
from 1 to 33, the ſame Extent will reach 
from 42 to 1386, ſo tomultiply 18 by 4, 
wes the Compaſſes from -1 to ,4.in the 
former'part of the Line, and the ſame Ex- 
tent in the ſecond part will reach from 18 
to 72. The like is to be underſtood of all 


other Queſtions in Multiplication : Only} 


take this other Example. 
In Lands and Houſes ſold at fo many: 


years purchaſe. To find what the value of- 
the whole will b& by the Line of Numbers. 
The Extent of the Compaſſes from one to 
the number of years, will reach the ſame: 


way from the yearly Rent, to the Sum of | 


tne Purchaſe. As the Extent from 1 to 20: 


will reach from 1o to 2co, which ſhews, ! 
that 10 /. per Anmmat 20 years purchaſe, 


Is worth 2001. and ſo of any other. 


HI. Diviſion: To Divide by the Lines, ; 
Extend your Compaſſes upon the Line of 


ms 


Numbers from the Diviſor to One: This. | 
done, if you apply the fame Extent the: 
ſame way from the Dividend, the move able f 


' point will fall upon the Quotient. As to 
. Divide 


—— 
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Divide 12 by 3, Extend the Compaſies from 
3 to 1; the fame Extent will reach the ſame 
way from 12 to 4, which is the Quotient. . 
ly. To Perform the. Rule of Three, or 
Three numbers being given to find a Fourth, 
Extend the Compaſles from the Firft to the 
Second, and that Extent the ſame way will 
reach from the Third number to the Fourth. 
As to take the ſame Example as in Loga- 
rithmes, :. If 12 give 4 , what gives 60. 


[Extend the. Compaſſes from 12 toK, the 
fame Extent. the ſame way will reach from 


60 to- 20, the number required. _ 
. V. To Extract the Square Root is the ſame 


as.to find a mean proportional. betwixt- 1, 


and the number given; therefore divide the 
| faid diſtance betwixt 1 and the number gi- 


ven into two equal parts,end at that point 


.yon wall find the Square Root. As for Ex- 
# - azple, themiddlediſtance betwixt 1 and 9, 
| youwill find to-be at 3, which is the Square 


Root of 9, for 3 times3 is 9. . 


Now by Mr. Wingate's Rule to find the 
Square Root by inſpettion only, take 
; this Rule. 


\ When the Figures of the Number given 
are even, as when the Number conſiſts of 
2 4.6 8 Figures, look the ſame numberin 
the firſt part of the mean Line of NO 

: a an 
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and juſt over againſt it at the ſame poinf Ni 
upon the great Line of Numbers (or indeg fiſt 
opon that Line of Numbers beginning hy ſec 
the middle, for this together with the othe 
makes but up the great Line of Namben 


compleat) there you have the Square Rog gr 
by inſpe@Qion only ; as 144 I find at thi Ci 
point S, and over againſt it 12, which # T 
the Square Root thereof. * 4 nv 
VI., ToExtra® the Cube Root is to find fc 
mean proportionals betwixt the Numbay of 
given, and 1 - Therefore upon the Line of tl 
Numbers divide the diſtance betwixt thy is 
number ſen, and 1 into three equal party 
and the firſt of thoſe 5 parts from 1 15:titj t 
Cube Root. For Example, Extend youty d 
Compaſſes from_ 1 to 4, and that will divide} t 
the diſtance betwixt 1 and 64 into thre F 
—_ parts, therefore 4 is the Cube Root I 
of 64, and to prove it, multiply 4, by 4} | 
makes 16, and 16 multiplyed again by gf f 
makes 64, the Cube number, its Root 4. } Þ 
\ 
Now to do this upon Mr. Wingate's | | 
Rule , by Inſpeftion only, T aks | ( 
this Rule. 4 


When the Number propounded conſiſts} - 
of theſe Figures, viz. of r. 4. or 7. findit} 
in the firſt part of that which he calls the} 
little Line of Numbers (being the Line of } 

id Nulte. 


Da 
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inf Numbers three times repeated.) If it con- 
& fiſt of 2 5 or 8 Figures, then find it in the 
"if ſecond part, or if of 3 6 9, then find it in 
hey the third part : And this done, obſerve, 
ery That at the very ſame point, upon the 
| great Line of Numbers, you ſhall find the 
Cube Root you look for. As for Example, 
'& To find the Cube Root of 64, becauſe the 
4 number conſiſts of 2 Figures, therefore look 
AF for 64 in the ſecond part of the littls Line 
a of Numbers, and over againſt it exactly in 
i} the great Line of numbers you find 4, which 
Is is its Cube Root. 
x VII To find a Mean Proportional be- 
tf twixt two Extream Numbers, 1s only to. 
$ divide the fpace betwixt the Extream num- 
et bers into two equal pars oF by Wingates 
* Rule, Extend the Compaſi& upon the mean 
# Line of numbers, from one of the Extream 
Numbers 'to the other. This done, the 
fame Extent applyed upon the great Line of 
numbers from either of the numbers to- 
| wards the other, the moveable point will 
7 fall in the middle betwixt them ; v5z. up- 
on the point repreſenting the mean pro- 
{ portional required. Example, 8 16 32. 
/ Thus we oo all the neceſſary parts of 
# Arithmetick performed by the Lines of 
| Numbers, Sines, and Tangents, and what 
iS ſaid as to Numbers only, the like will hold 
| as toSines and Tangents alone; or theſe {c- 
| » verals 
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verals mixt, as between Sines and Numbers, 
Tangents and Numbers, or Sines and Tan- 
gents; as the nature of the queſtion ſhall 
require. He that deſires to know more con- 
cerning theſe, I ſhould adviſe to buy Mr, 
Wingates Book, called his Rule of Propor- 
tion, wherein you have the Rule it ſelf in 
paper , which yen may get paſted upon 


wood ; and will be nogreat'coſt, and will} 


ſhew = the whole Myſtery of it; Alto] 
| ſhoulT adviſe to buy Seth Partridges*s Book, 
ſhewing the uſe of his Sliding Rule, being 
plainer than Wingates, only obſerving the 
Rule before given for applying the Queſtt- 
ons, ſo as to. be wrought upon a plain 


Lineof Numbers, Sines, and Tangents, and | 


a pair of Com palkes. 


= + + MYR | 

To conclude: what may be. ſaid in refe- 
rence to Inſtrumental Arithmetich, 1 think it 
not amiſs to give youa ſhort Account of 
Napiers Bones, whereby Multip.ication and 
Diviſion in Common Arithmetich is perform 


ed by Addition and Subſtrattion only with- } 


out charging the Memory. 

| Napiers Bones. then are nothing elſe but 
Pythagoras Table with divided Lines. For 
Reading the Bones begin alwaies on the 
right hand, and take them as they lye in 
_ each Diagonal Line, and if there be two Ft- 
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| Figures in the ſame Diagonal, make but 
'} oneof them by adding them together ; and 


| 
: if they exceed 10, take\ 1 to the Figure of 
| 


Of Arithmetich. 


-| the next Diagonal immediately following. 
As for Example. 
Againſt 9 you find in the' firft Diagonal 

2 by it ſelf 3 in thenext7 and 4 which makes 
11; thereforeſetdown 1, and carry one to 
the next Diagonal, which is 5 and-1,and 1 
you carryed makes 7, and in' the laſt,Dia- 
onal ſtands 8 by it ſelf, ſo they are To be 
read 8712, and ſo of any other number 
whatſoever, 
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 Multiplicand 9 6 8 
- - Multiplyer 5 79 
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In Multiplication place alwaies the Mul 
tiplicand in the Top of the Bones, and + 
gainſt every Unite of the Multiplyer in the 
ſide, you will find the particular Produf 
ofthe ſame Unite, which added togethey, 
as in the Exemple, makes up the whole Pro 
dutt as before. 

For Dzviſien place the Diyifor in the t 
. of the Bones, and by finding the near 
lefs number to the Dividend, you may find} 
 how'often the Diviſor is contained thereiy 


As for Example. 


Diviſor- - 968 
Dividend 6776 * i 


Say how manyetimes 968$ in 6776. Lodt 
6776 (or the neareſt leſs number to it) bat 
this is tn the Table over againſt 7, whic 
 ſhewsit is juſt 7 times contained in the Dil 
vidend; ſo that 7 is the Quotient without 
any Frattion, and the like is to be unc 
ſtood of dividing any other number by an) 
other number: Or to give you an Examph 
how to divide a larger Sum, and by conſt 
quence any Sum; as to Divide 560472 by 
968, by Napiers Bones. | | 
Firſt, Upon Paper ſet down the Divi 
dend, and making a ſtroke with your Pet 
on the left hand, there place the Diviſor 


®. 411 
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and making, another ſtroke with your Pen 
on the right hand, there place the Figures 
of the Quotient, then obſerve upon the 
Dividend how far the Diviſor will reach, 
as in this Example, to the Figure 4 ; there 
make a prick ; Then having tabulated the 
Bones, placing the Diviſor in the Top as 
before, find out the neareſt leſs number to 
5604. which you will find to be 4840. which 


. you will find againſf the Figure 5, therefore 


put 5 in the Quotient, and place this®4840 


| under the Figures of the Dividend, and 


{abſtra& it from 5604» there remains 7641 


| to which add the next Figurein the Di- 


vidend, viz. 7. (making a prick under the 


+ faid Figure in the Dividend, to know how 


far you are gone in the operation) Theſe 


jj} together make 7647 : Ihen upon the 


; Banes look for the negreſt leſs number to 


al 7647, and you will find it 6776, and over 
| againſt it. the Fignre 7, therefore put 7 in 


j# the Quotient : And. Subſtraft this- 6776 


from 7647 , the Remainder is 871, to 
which add the next Figure in the Dividend, 


y Viz. 2.4 and theſe make together 8712: 
Therefore an the Bones look the neareſt leſs 


5 aumber to $712, but you will find the ex- 


att number it ſelf ſtanding againſt the Fi- 


i{ gure 9, therefore put 9 1n the Quotient, 


and acthing remains, elſe what bad re- 


4 Mained, h 


been the Fraction, and this | 


. will 


, 


” 
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will make plain any other operation in'Di- 
viſion upon Naprers Bones, and therefore | 
ſhall need to add no more. 


968 (560472(579 
- 4840 


7647 
6776 


* Þ- 


8712 


'- And thus much ſhall ſuffice to have ſpoken 
for the underſtanding of Napiers Bones. bs 
alſo for what I: ſhall ſay tothe Firſt Part of 
the Mathematicks, conſiſting in Arithmetich, 
and the four ſeveral kinds of it, as it is} 
diſtinguiſhed iifto Common , Decimal , Li | 
arithmetical ,-and Inſtrumental ; and here}. 
I intended'to have ſhown theUſe of the Reſt 
of the Sefor (beſides the Lines of Numbersf | 
Sines and Tangents) : But upon more ma} 
ture conſideration I find it more properly 
to .be Geometrical, then  Arithmetical, and} 
therefore by way of Tranſition it will lead 
me by the hand (as it were) to the Second 
Part of the AMarthematicks, (or the Second 
Mathematical Liberal Science) to wit, Ge 
metry, where you may expect an Explanatioi} 
of the reſt of the SeHor, as alſo the way 0 
Protraftion by Scale and Compaſs. ; 
| E Ol 
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GEOMETRY. 
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PART LI. 


EO METRY is the Second Lt:- 
beral Seience wich may be pro- . 
.perly called Mathematical, and 

may be conſidered under a dou- 

{ ble Notion. Firſt in General, as 1t makes 

2} and meaſures Geometrical Figures. Second- 

ly according to the proper and particular 

Etymology of the Word, which is derived 

from 1 Terra, & ures Menſura, The Mea- 

ſuring of the Earth (that 1s' as I have elie- 
where explained it) the whole Globe of 

# the Earth, -containing Sea and Land, that 

| which concerns the Land being called Sur- 

veying, and that which concerns the Sea, 

Navigation. 


D * I. But 


, h 


© _ Of Geometry, BOOK It 


I. But firſt of Geometry in General, 


All- -Bodies whatſoever - which come 
within the Compaſs of Geometry, or arety 
be meaſured, may be diſtinguiſhed 1nto thek 
Two kinds. Firſt, Saperficzes. Secondly, 
. Solids: Ard theſe are repreſented by Ga 
metrical Figures, which Figures being pro 
tratted or laid down in due Proportion an 
Quafctities anſwerable to the ſeveral B 
dies they repreſent. The Bodies themſelye C 
are Meaſured by the ſame Rulesas theſe kif P! 
gures are which repreſent. the ſame. }*? 
Now theſe Figures areas various, as ther ® 
are Superficial or Solid Bodies of variow 
_ and different ſhapes and magnitudes ; inſc ty 
much as in thisgeſpect they may be ſaid ty B 
' be infinite, ſome Regular, but the moſt Ir : 
regular. All which , notwithſtanding of®? 
what {hape or Irregularity ſoever, may i 
reduced to fome of theſe three Regula 


me 


Geometrical Figures, the Gircle, Square, all - 
Triargle. Therefore in this place I ſhalſ, 


ſhew you ſo 
1. How theſe three Figures are produce( bo 
protracted, or made. . 
2, How they may be reduced to one and 
ther, or any other to theſe or ſome Qp,. 
theſe. Andy  IBri 
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3. How theſe, and conſequently all other 
Geometrical Bodies or Figures are to be 
meaſured , whereby you will ſee, that as 
Arithmetick is principally comprized in the 
Rule of Three, ſo Geometry and Aſtronomy 
| may becomprehended in the Reſolution, or 
-| the making and meaſuring of a Triangle, 
of called Trigonometry. 


j\f 


| Firſt then, How theſe three Figureg the 
þ Circle, the Square, and the Triangle are 
6:4 Produced, and ſo they will be found to de- 
{rive their Original from theſe three Geo- 
| etrical Principles. "I; 
1+ A point which is void of all magni- 
\4tnde,and hath neither length nor Breadth. 
ol. 2+ A Line which is a Length without 
jr) Breadth, drawn from one polnt to another, 
$and may be either ſtrait or crooked. 
} 3- Ar Angle which is made by two Lines 
meeting in a point, that point being called 
the Angle, or the Angular Point : So that as 
the Terms or Limits of a Line are Points, 
and the Terms or Limits of Angles are Lines, 
00 the Terms or Lim'ts of Superficies are 
; both Lines and Angles, and the Terms or 
Limits of Solids are Superficies. . ' 
\ # Again, a Point hath neither Length nor 
" }Breadth; a Line hath Length , but no 
Breadth; a Superficies hath- both Length 
» and Breadth ; a Solid hath both Length, 
Breadth, and Thickneſs. D 2: But 


Li 
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and 
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_ before 1 ſpeak particularly of th 
three Geometrical Figures, | ſhould 
ceſlarily lay down ſome few Geomerrical Þ 
blems becaule (as a Circle is made of a Li 
dray/n equally diſtant on all ſides from 
Point called its Center.) So the Square 
the Triangle are made up of Lines and 
gles, and therefore there will be ſev 
times mention made of Parallel Lines, 
Perpendiculars : And alſo in the two latt 
Figures there will be occaſion for layin 
down of Angles, &c. I ſhall therefore 
this place (onfe for all) lay down theſe 
Geometrical Problems, not to trouble y 
with any more but thoſe abſolutely n 
cellary. 
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Firſt, To draw a Line Parallel to any ther 
Line given at any diſtance required. 


Let the Line given 
in} be AB, unto which it 
| is required to draw ano- 
ther Line Parallel there- 
unto at thediſtance AC, 
or BD. Open your Com- 
$ paſſes to thediſtance AC 
or BD, and place one 
Foot in A with the o- 
4 ther deſcribe the Arch 
C, alſo place one Foot 
10 B, and with the 0- 
ther deſcribe the Arch 
D, then draw the Line 
CD, fo that it may on- 
ly touch the Arches C 
4 and D., fo ſhall the Line 


as required, 


CD be parallel to AB, 


LY 
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SECT. 2. 


' To Erett a Perpendicular on the end of a 
Right Line given. 
- 


Firſt, Divide the Line OR from Ri 
2ny 5 Equal parts, asin theExample 1. 
3.4 5- Then take with your Com 
the diſtance from R to 4. and placin 
one Eoot in R, with the other deſcribe 
nricked Arch PP, then take with y 
' Compaſles the diſtance from R to 5, a 
placing one Foot in 3, with the other d 
{cribe the pricked Arch BB, and from t 
point where thefe two Arches interſect 0 
another to the point R, draw a Righ 


C 


4 " i 
, 


Ja "'M ' ) 
© SO + 3 &S © 


[ 


Line, and that will be a true Perpendicu} 
Jar ; or open your Compaſles to any cor 
venicnt Diſtance, and ſet one Foot in tht 


p pol 


| 


” 
% 
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point R, with the other make a mark at 
pleaſure, as ©, then keeping the Compals 
point in ©, with the orher defcribean Arch 
2s BB, as alſo another Arch to cut the gi- 
ven Linein S. Laſtly lay a Ruler from $ 
to ©, will croſs the Arch BB in T, and a 
line drawn from T to R will he the perjen- 
dicular required. | 

ET. v 
How to let Fac a Perpendicular frag any. 

point aſſizgn'd upon a Kight Line. ' 


| Let the Point givenbe C, and to let fall 


a Perpendicular upon the Line AB. Firſt 


from C draw a Line by chance, as CE, 
winch divide into two equal parts at Ds 


: B; 
fa E | F "2Y 
and with the Diſtance D C deſcribe the 


Semicircle CFE, and note where the ſame 
D 4 @ ' cuts 
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cuts the Line AB, and from that point A, 
to the point C, draw the right Line CF, 
which ſhall be the Perpendicular required, 


ACT 4 
To Divide a Line into 2 equal parts by 
a Perpendicular. . 


Let the given Line be A B, fix one foot 
of your Compaſſes in A, and ſetting then 
at any convenient diſtance aboye. half the 
Elven line, deſcribe the Arches D and F, 
carry your Compaſſes to B with the ſame 


-_ 
*. P ot 


I” 
- bt 


os *%» 
- 6 "rl 


pu} oh on CH nd vt A owed} _ 15 


| 


| 20and 3o,which makes 5a,then ſay by 5#6 
| the Rule of Proportion. If'5o the fum* 


- taken from 40 the whole Line, there 
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diſtance deſcribe the Arches. C and Ez 
ſoas they may croſs the other Arches, and 
by thoſe Interſeftions lay your Ruler, and 
draw the line GH, which will cnt the given 
Line'in the midſt, and be a perpendicular 


' alſo to it, which was required. 


SECT. 0, 
To Divide a Line given to any Proportion re- 
quired, as to Divide the Line A containin 
40 Equal parts (let them be what thF} will 
in proportion, as 2.0 is to 3O, or as the Line 
B zs ro C. | 
Add(the Lines Band C together) or A 


of both the given Terms give 42 the Cc. 
whole Line A, what ſhall > the grea- 
ter Term give ? Multiply and Divide, 524 
you ſhall have in the Quotient 24 for. _ 
the greater part of the Line A, which B 


remains 16 for the other part. 

For as 50 Is to 40, fois 30 to 24, 
Or 20 to 16, or 8$.30 Is to 20, ſo is 
24 tO 16, | [ 


_—_— 


A 
But to do this Geomerrically, or by Lines, 
ſuppoſe AB to contain 40, and you wontd 


divide the ſame in ſich preportion as C 
to D. 


Dy 8 Firſt 
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Firſt, From the point A, draw the Line 

AE art pleaſure, making the Angle EAB, 

then take in your Compaſſes the Line C, 

and ſet it fromA to F, alſo take the Line 

BD, and ſet it from F to E, and draw the 

Line EB perpendicular to AB, Then from 
the point F draw the Line FG parallel to 

EB, cutting the given Line AB 1n G, fois 

the Lite AB divided as. required, 


C 


By dividing the Baſe ofa Right Angled 
Triangle by. this Problem, and drawing 
Lire from the oppolite Angle to the point 
of Di-iiion at G, you divide the Triangle 
it If according to the ſame proportion. 


SECT. 
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$£ETF. 6: 


Three Lines being given, to find a fourth in 
proportion to them. Or to perform the Rule 
of Three in Lines, Draw 2 Lines, making 

any Anple as the Lines ED and EF, then 
the Three Lines given, bemg A B C, tofind 
the Line M. 


Firſt take the Line A in your CorSpafſes 
(that is 24 from a Scale of equal parts) and 
 fketit fromE to G, then take the: Line 
B28. and ſet that Ttength from E to H, 


| then take the third given Line in your Com- 


paſſes C. 36. and ſet it from E to K, and 
through the point K, draw the Line K. L 
parallell to G. H. fo ſhall ghe Line EL be 


| the fourth proportional required, For, 2s 


EGtoEH., fois EK to EL. 
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$ CT. 7. 


To find a mean proportional Line between 
Two Lines gen. 


Let the two Lines given be A and B, 
which joyn together in the point E, mak 
ing one right Line as CD. which divide in- 
to two equal parts in the point G, upon 
 whick point G with the diſtance GC or 

GD deſcribe the Semicircle CFD,then from 
the point E, (where the two Lines are 
joyned together ) raiſe the perpendicular 


E F. cutting the Periphery of the Semicir-| 


cle in F., ſo ſhall the Line EF bea mean 
proportional between the two given Lines, 
A and B. - Forg As 


ED. g. is to EF. 12. fo is EF. 12.toCE.16| 


—_ 
a 
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To Protraftt by Scale and Compaſs, or for want 
of a Scale to make a Line of equal Parts, 
which together with a Line of Chordes (the 

making whereof is taught Folio 67.) You 

|= may lay down any Line of what length you 
| . pleaſe: or any Angle of how many Degrees 
and Minutes ſoever, which take as follows. 


Firſt, For laying down any Lineof what 


m 
ef length you pleaſe. There are ſeveral Scales 


both of Braſs and Wood, (that is) a Line 


ar 
rf of equal parts for protraCting of Lines ; 


| and a Line of Chords for protrafting of 


S| Angles; (together with other Lines at 


; Pleaſure, asa Line of Rumbs and Secants, 
or the like : ) But for want of ſach a Scale 
{ you may make theſe Lines your ſelf upon 
* Paper, which will ſerve upon' occaſion. 


j * 


TiiTiuf 
**. mm) 


a 


TO 


Firſt then, To makea Line of equal 
Parts, open your Compaſlles to ſome 


ten times over. Then opening the 


ſtance over nine times more, ſo haye 
you a Scale of equal parts, and one 
of them divided into other Ten parts, 


- 


tns in your Compaſſes, make it the 
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ſmall diſtance at pleaſure, and run it}, 


Compaſles to the Extent of the whole 
Ten ſmall Diviſions run that di-f 


_ —_ 


+ Then taking 6 of theſe larger Diviſ-ſ 


Radius or Semidiameter of a Circle, 


| Chords, or Rumbs, or Secants, &«. 
| as you'l ſee hereafter. 

Now- to Protract by theſe, you 
ſhall be taught it in making thoſe two 
following,Geometrical Figures, vis, 
Squares, and Triangles. Fo avoid 
unneceflary Repetitions, there are al 
ſo Protrattors (properly ſo called) by 

| which you may lay down Angles;Ind 
avoid thedrawing of many unneceſly 
ry Lines on the Paper ; which faid 


of Braſs, cut intoa perfe&t Semicir- 
cle, and divided into Degrees of 2 
Circle, with a hole in the Center,and 


Q 


Line. The way of Protratting by 


a Diameter drawn through the faic 
Center, which is called the Meridia 
thi 
Pre 


h 


24 ———_—_ 


Protrattors are made of a thin piece] 


whereby you may draw a Lined 


a. a6. a Bos = 


OMe, noo mel 
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Protractor, you ſhall 2}/o hve exemplified 
et in making of Squares and 71 riangles. And 
th. in the third place you may alto Protract 
ej Angles from a Line of Right Sines as ſhall 
ef alſo be ſhewed you hercafter ; and ſhall give 
-F you examples of each of theſe ſeveral wayes. 
et in every Figure, ſo you. may make uſe of 
e— which pleaſes you beſt. But now to pro- 
S.| ceed to ſpeak of thoſe three famous Geo- 
-f- metrical Figures, The Circle, Square, and \ 
&| Triangle particularly, and in ordet9 and 
&| that in a donble Capacity, Firſt, as they are 
lf - Superficies And , Secondly , as they are 
«| Solids, And firſt ofa Crcle. 


CH AP. I. 
Of a Circle. 


A Circlets a Geometrical Figure, which 
of all other is the moſt perfe&;, being; 
| an Emblem of Eternity , having neither 
«> Beginning nor End, and is made by the 
drawing a Line called the Circumference, 
equally every way diſtant from'a Point in 
the middle called the Center, thorough - 
which Point or Center a ſtraight line drawn * 
#4 from any part ofthe Circumference to ano- 
1 Ther ts called the Diameter; and any Line 

| * drawn 
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drawn from the ſaid Center to the Circum- 
ference is called the Semidiameter or Radi- 
us, or Sinus Totus, the whole Line of Sines, 
which being divided into yo unequal parts 


are called Right Sines. The whole Cir- | 
cumference of the Circle, let it be bigger þ - 


or leſs, is alwaies ſuppoſed tocontain 360 


Degrees, and isaccordiugly by Mathema- | 


ticians alwales divided Into ſo many equal 
parts. The Semicircle into 18c, andeve- 


ry Qdrant or fourth part ofa Circle in- 


to go. Each of theſe Degrees are ſubdivi- 


ded into 60 Minutes, and each Minute ſup- 


poſed ar leaſt tocontain 60 Seconds, and 
every Second 60 Thirds, &c. as the large 
neſs of the Circle will admit. Now- by 
means of theſe Diviſions in the Circumfe- 
rence, for the figding out of Proportions, 
beſides the Line of Sines before-mentioned, 
thereare many other Lines belonging to a 


Circle ; as there are not only Right Sines, | 


but alſo verſed Sines, Sines, and Sines com- 
plements, or Colines ; Tangents, and Co- 
tangents , Secants, and Chords, for the 
underſtanding of all which, I ſhall give you 


this following Diagram, and how all theſe | 


Lines aredrawn and divided. 


«>. A. 
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- Paſſesin the Center at C, with the other 


hf. 


"Fs 
-] 

4% > 
5 ov 

T = 7. 4 

| ; oJ® 
4 


- upPYy 


FR 
S 
; S 
wy Patt HR 4 
ſ. anon mon, mf od 
4. > { com 109 | Fo 2 
:. #$.—OR ; 
LA =>» — 
- Tangent? £5 by 
SECT-> 1. 


Firſt then, Setting one Foot of your Com- 


. deſcribe 
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deſcribe the Semicircle BAD, the Diame- 
ter whereof is BD, the Line of verſed Sines; 
which is no other than two Scales of Sines, 
as the whole Line BD divided into go. De- 
grees at C. and ſoon to 180. at D. Noy 
for the drawing of theſe, place one foot of 
your Compaſſes at C, with the other de- 
ſcribe occult Semi-Circles : as GKH. drain 
throngh 40, Degrees of the Line of Sines, 
gtves 50 degrees of verſed Sines at the point 
G. afid 130 Degrees at H. 


Wo + 3 1 
To find the verſed Sine of any Arch &- 
rithmetically : If the Arch given be le 
than go, ſubſtraft it from 90, and the fine 


of the Remainder taken from the Tortal| 


Sine or Radiusbleaves the verſed Line. If 
the Arch be greater than 9o, ſubſtraft go 


degrees therefrom, and ſeek the ſine of theſ 
Remainder, which is alwaies the compk-] 


ment of the given Arch ; which fine add to 
the whole ſine, and the total thereof ts the 
verſed {ine of the given Arch deſired. 


ES a EE 


Toedraw a Line of Right Sines and Co- | 


fines through every Degree, or Tenth De- 
gree of the Quadrant AD, draw right Lines 
parallel to the Line CD. till they cut the 
Lines AC, and thoſe are fines : a Line drawn 

C pCer- 
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' perpendicular from the ſame place to the 


line C D is the finecomplement or Coline, 
as in the Diagrain. 


5 & C #4 

To draw a Line of Tangents and Co 
tangents. For Tangents upon the point 
D erect a perpendicular DE, and through 
every degree of the Quadrant AD draw 
right Lines from the Center C, till they cut 
the perpendiculag DE, and: theſe ar@® Tan- 
gents. Another perpendicular ereCted up- 
on the point A, and touching the aforeſaid 


line drawn from the Center , are Co-tan= - 


gents,.as AP. | 


| ABSET. 
To draw a Secant is thievery line drawn 
from the Center toE, which is the Secant 


' of 50 degrees, the perpendicular it ſelf , 
- Which it cutteth, being the line of Tan 


gents. | | 
SECT. 

.- To draw a line of Chordes,, Draw a 

ſtrait line- from B:to A, and ſetting one 

Foot of your Compaſſes in B through eve- 

ry Degree, or every tenth Degree in BA, 


draw Arches to cut the ſtraitline, and that 


ſhall be aline of Chords. | 
All theſe lines are of admirable uſe in fin- 


ding of proportions,arifing from that Sym- 


pe metrical 
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metrical proportion there is betwixt a Cir- 
cle, and the parts and lines belonging there- 
unto ; for according to the length of the 
Radius or Semidiameter, 10 is the Circum- 
ference ; and ſo are theSines, Tangents, 
Secants and Chords belonging to the ſame 
Circle or Radius : For Sines and Tangents 
you ſee what excellent Effefts they have 
joyned' with theline of Numbers in [nſtru- 
mental Arithmetich, And for the Line of 
Secants, it is that which conſtitutes the 
Meridian Line, or Line of Latitudes of ab- 
ſolute uſe in Navigation ; and for the line 
of Chords, its excellency conſiſts in protra- 


| ting of Angles, without which (excepting 


the Circle, which.is perfetly round,) no 
other Geometrical Figure can be made or 
meaſured. 6) : 


PAOS & 


Three Points being given, not lying in a aireft 


Line, to find the Center of a Circle, which 


[ball cat all the 3 Points. 


Let the Points be AB C, open your| 


Compaſſes to ſome- reaſonable Scantling 
more than half the diſtance betwixt A and 
B, with thatwideneſs ſtrike a Portion of 
an Arch upon the point A ; do ſoalſo upon 
the point B, and note the interſeCtions of 


C thek | 
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theſe 2 Arches, as at I and H, and produce 
aline from I by H infinitely. Then with 
your Compaſſes at the ſame diſtance as be- 


fore, ſetting one. foot in B ; ſtrike an 
Arch towards C, and rerffbving the ſame 
to C. ſtrike another Arch towards B, to 
croſs each the other,and where theſe inter- 


| ſet as at Fand G, draw another ſtrait line 


to croſs the former ; and where theſe two 


- ſtrait lines interſeCt eachother, as at E, is 


the Center of a Circle, which ſhall cut all 
the 3 points A.B.C , the thing required. 


| The fameProblem will alſo find the Cen- 


ter to any Segment ofa Circle. 


—_— 
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To Divide the Circumference of a Cir- 


cle into any Number of equal parts. Di- | 


vide 360 by the Number of Parts, the Quo- 
tient ſhews the Degrees as follows. 


J 


PFARODP © 2. 
q 


Two Poants within any Circle being given, boy 
ko deſcribe the Arch of another great Cir- 
cle which ſhall paſs througb thoſe two Points, 
aud alſo divide the Circumference of the gi- 
ven Circle into two equal Parts. 


Let the two Points be E,F, through ei-þ 


therof which (as E) draw the right line 

DE, ſo as to paſs through the Center K: 

at right Angles draw the line AC, then 

draw the line EA, and from the point A 

erect a perpendicular AG, and lo have you 

three points EFG, through which 3 points 
VI CE TY 


s 3 & | 
= = 2 n ' And note that 
« | 72 ' [BY s| , | the Semidiame 
© | & G9 | 5 | EZ | ter will divideit 
El gr26M. {eG 11 &| intos parts, and 
S ? &s5 ES - * 8s | the ſixth parr of 
<4 | 40 V = | 9 | 3+] the Semidiame- 
fad . 
36 = | 10 ter into 36 equal 
32 44 —ES | parts, &c. 
| C 30 3 B * 2 | 
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deſcribe 
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| deſcribea Circle whoſe Center you will 5nd 
to be H, which will paſs through the two 
given points EF,.and divide the circumfe- 
rencdf the given Circle into 2 equal parts 


at L and M. - | 
4 P KOBF Ts 3: - \ 
, | To find a 5 igbt Line equal to the circumference 


- 


of a Circle given, 


| - Let the given Circle be BDCFE, Divide 


the upper Semicircle into haltes at D, and 
| the lower Semicircle into three equal parts 
at F and E, and draw theiines DE, DF, 
which cut the Diameter of the Circle at 
GandH. Then make G1 equal to GH. 
And the length DI is a very little more 
than the length of the quadrant BD, nei- 
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of the Diameter BC, if it were divided in 
to 5800, and four times. the extent D! 
will be a little more than the whole circum 
ference of the Circle. - | 


PROBL. 4 


' To draw a Geometrical Oval. 


| mil = mY on Yo. 


A ——— 


Firſt, Draw two equal Circles , whot| 
Centers are A and D, the Diſtance AD 
being equal to_ the Radius or Semidl#| 
meter: of-eaca Circle : Then open = | 
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| 


Compaſſts to the whole Dizmeter of the 
Circle, and ſet one Foot in H, with the 0- 
ther ſtrike. 'the Arch BGE, and with the 


' Foot of the Compaſlles removed to G ſtrike 


the Arch FHC, {dWill the FigureBCFE 
be a perfect Geometrical Oval. 


Os, | VR 


ou 


Ci & FP. FH 


Hs ſhewn you how a Circle is pro- 
L duced, with all the Parts and Lines 


| belonging thereunto ; I come to ſhew you 


in thenext place, How other Figures may 


. be reduced thereunto ; and afterwards 
| ſhall ſhew you how to'meaſure .a Circle ei- 
ther ſuperficial, or ſolid. 


E * - ns 
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Now the Figures which may be reduced 
to a Circle, and meaſured by its Rules, are 
not many : My reading affords me only two 
material , which are the Oval and the 
Square. ML. 


And for the Oval divide the Diſtance ogl 


the line of Numbers between the length 


and the breadthof the Oval into two equalf. 
Parts, and the middle Point where theſ 


Compaſs ſtayeth on, ſhall be the Diameter 
of a *Tircle equal in Area to the Oval gi- 
Gcn- 


SECT. 5. 


To Reduce a Circle into a Geometrical Square, 
or by knowing the Superficial content of a Cir 
cle, to find th8 ſide of a Square equal to it. 


Extract the Square Root of the whole 
content of the Circle, by taking half the 
Logarithme of the ſaid content. As fup- 
poſe the content to be 616, the Logarithme 
whereof 1s vo . | 

Take the half thereof, 
which is the Square Root ; dt hs 
The nearſt number anſwering hereto Is 25, 
Jo the ſide of the Square ought to bel 
near 25 of the ſaid parts , whereof 616 
were ſippoſed to be the contents, whethet 
Inches, Feet; Yards, &c. | 
w 
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SECT. 2. 
To Reduce a Circle into a Geometrical Square. 


Having deſcribed a Circle, draw a Dia- 
meter, which divide into 14 parts, and on 
11 of thoſe parts ere a perpendicular, 
which 'extend to the circumference , and 


from the point of interſe&ion, draw a 


line to the extream part of the Diameter, 


which line ſhall be the ſide of the Square, 
containing the proportion (or Area) of the 
Circle, 

SSC. K 
To Rediice a Square to a Circle Inſirumentally. 


The fide of the Square (as above) is the 


7 Square Root of a Number, which isthe Su- 


= 4 perficial 
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perficial content of a Circle equal to the 
ſaid Square , and knowing the ſuperficial 
content, you may find the Diameter. If 
[ the Diameter be 10, the Superficial con- 
| tent upon the line of Numbers is 78.54 
'k parts: Divide the diſtance betwixt the gi- 
ven content, and 78.54 into two equal 
parts. The ſame Diſtance the ſame way 
will reachfrom 10to the Diameter required. 


C S$BCT. + 
To Reduce a Geometrical Square to a Circle, 


Take any ſide of the Square, and Divide 
itinto 11 parts, deſcribing a Semicircle to 


C/ 


the ſaid Diameter : Then on'$ of thoſe 
parts erect a perpendicular, which extend 
P to 


| | 
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to the circumference. of the Semicircle. 
Then draw a Line from the extream part. 
of the Diameter, interkQing the perpen- 
dicular in the circumference of the Circle, 
and continue that line til] ir touch the ſide 
of the Square; ſo that line will be the Dia- 


| meter of a Circle anſwerable to the Square 


g1VeN. 


CHAT. -TI. 
TO conclude, (and to get out of this 
Circle) It remains only to'ſhew you 
how to meaſure a Circle, and conſequently 
an Oval, a Square, or any other Figure re- 
ducible thereunto. _ &@ 

Firſt then for a Superficial or Flat Circle, 
ſuch as may bea piece of Ground, or Board, 
or Glaſs perfeCtly ruund, or any other Flat,. 
Round Superficies. Take theſe Rules. | 


i + 5 OT 
Having the Diameter, te find the Circumſerence. 
Multiply the Diameter by 22, and Di- 
vide the Produtt by 7, as 28 by 22 is 616. 
Divided by 7 is 88. | 


E386 SECT. 
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Having the Circumference, to find the Diameter, | 


Multiply by 7, and divide by 22. As88 | 


mulrciplyed by 7, gives 616 divided by = 
is 28 the Diameter. 


SF£TT. 2: 
By the Diameter only to find the Area, 
"or Superficial Content. 


Multiply the Diameter by it ſelf, as 28 
by 28, that makes 784. This Product mul. 
tiplyed the ſecond time by 11, is 8624, 
which divide by 14, the Quotient will be 
616, and that is the Area of the Circle. 


For a half Circ, a Quadrant or any lef- | 


ſer portion of a Circle, whoſe Point goeth 
to the Center. Half the Arch mulriplyed 
by the Semidiameter, produceth the fuper- 
ticial Content. 

To meaſure the content of the Segment 
of a Circle, Take the chord 123, and the 
perpendicular 4, and multiply the whok 
of the one by two Thirds of the other, 
and it will come very near, 


To find the Superficial content of a Cir- |} 


cle, you need do no more but multiply 


half the circumference by half the Diame- 


As the circumterence being 44, the 


ter. 
6 half 
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| talfis 22, the Diameter 14, the half is 7, 


Multiply 22 by 7, and the exact content 


| of the Circle is 154. 


To find the whole Diameter of a Circle, 


| by knowing part thereof, and the length of 


thechord croſling theDiameterin that part: 
Suppoſe part of the diameter to be 4 , the 
chord interſeCting it 12 7, Square one half of 


the chord 6-4 multiplyed by it ſelf is 40, dt- 


vided by 4 the part of the Diameter given, 
reſts 10, which added to the faicPFpart, 
ſhews the whole Diameter to be 14, whe- 
ther the Section be of a Circle , or of a 


Globe. : 


Th _ 


CHaPp*y 


Of 4a Solid Circle, ſuch as are Globes, 
Sphears, Bullets, Balls, or the 1tke : To 
find their Solid Contents. | 


MM tiply the diameter of the Circle by 
| it ſelf, as 28 by 28, makes 784, this 
product multiplyed the ſecond time by the 
diameter 28, makes 21952 , which two 
Multiplications are called cubing of the 


diameter, Then multiply that Cube Num- 


ber by 11, makes 241472, and divide this 
Ta * laſt 
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laſt produt by 21, produceth the Sol 
Content 11498 ;- | 


= X gy HRT 


To find the ſolid Content of a G lobe ano- 
ther way. 


Find firſt the Superficial content of a| 
Globe, which to do, If you multiply halff - 
the d{umeter by half thecircumference, the 
Product is the Superficial content ofa Circk 
of equal diameter. As 28'multiplyed by bi} 
is 2464 : And then if you Multiply the 
content of a Circle having the like diame- 
, ter by 4, the ProduCt is the Superficial 
content of a Globe, as 616 multiplyecd by 

4 producethlihzwiſe 2464. 


Now hereby to find the ſolid Content of a Globe. 
Multiply the Superficial content by the 


ſixth part of the Diameter, the Produtt} 
ſhall be the ſolid content of the Sphere. 


SECT. 


OX 
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In like manner knowing the ſolid content of a 


Globe, to find the ſide of a Cube equal to * 


the. Globe. 


Extract the Cube Root of the {olid COn* : 


tent of the Globe, which is done by taking 
the third part ofthe Logarithme of the ſaid 


ſolid content. And this Cube Root@all be: 
the ſide of a Cube, which in folid contents 


+ ſhall be equal to the Globe given. 


_— SECT. 4. . 
Andto find the Superficial Content'of the 
Segment of a Globe ; ſay, If the whole Dia- 


meter 14.give the whol@Superficial Con- | 
tent 616, what: will 4 the part: of the Dias 


meter give, which you -will find 176, and: 
ſo. of any other. . | 


And thus much ſhall ſirffice to have ſpoken: 
of a Circle, how it is produced, .reduced;, 
and meaſured, . 


Having hitherto treated of a Circle and' 
Globe, 'l come now to ſhew you the Prody-- 


cing, Reducing, and Meaſuring of theother- 


two principal- Geometrical Figures-,, the: 
Square.and Triavele, as I have already: done: 
Ge K4- ® CON» 


; — 
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concerning the Circle. And as the Circle 
was made up of a point, and a crooked or 
_ circular line drawn round about it; fo 
Squares and Triangles are made up of Lines 
and Angles ; Squares, and right lined Tri- 
- angles of ſtreight Lines and Angles, Sphe- 
rical Triangles of 'crooked circular Lines 
and Angles: Now a ſtreight, or a right 
line is the neareſt diſtance drawn betwixt 
two points. 

A Ercular or ſpherical Line is part of 
the circumference of 2 C:rcle bigger or lek. 

An Angle in a Spherical Triangle, is. (as 
was faid before) the diſtance of two Lines 
meeting in the Angular point, and mea- 
ſured in the circumference of a C:rcle at the 


diſtance of the Radins, or Semidiameter of | 


the ſaid Circle fram the ſaid Angular point, 
which pray obſerve very well. | 

Now every Circle, whether great or lit- 
tle, doth contain 360 degrees, every de- 
greecontaining 60 Minutes, ſo that a Se- 
micircle contains 180 degrees, a Quadrant 
or fourth part of a Circle go degrees. Now 


if an Azzle be a Quadrant of a Circle, and} 


contains 9o degrees, It 1s called a Right 
Angle : Ititcontains leſs than go degrees, 
it is called an Acute Angle, if more than 
gOdeprees, it is called an Obtuſe Angle. Thee 
Angles ard Lines do.conſtitute all kinds of 
Geometrical Figures whatſoever. | 

| & CHAP, 
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CHAP FE 
Of a Square. 


ere are ſeveral ſorts of four ſided Fi- 
- gures, as the Long Square, Or Parale- 


am, whoſe Angles are all equal, a Khom- 
bus, and a Rhomboides, whoſe oppoge lides 


areall equal ; and a Trapezinum conſiſting of 
4 unequal ſides, and 4 unequal Angles : But 
all theſe being reducible to 2 Triangles, or 
to.a Geometrical Square , lt is the Geome- 
trical Square which I ſhall here ſpeak of, 


which conſiſts of 4 equalStreight Sides, and 


4 equal Right Angles. g 


To makg a G eometrical Square whoſe (ide ſhall be 
equal to a Line given, or to any Namber of 
equal parts, ſuppoſing the ſame to be either 
Inches, Yards , Perches, or any other 
Meaſure. | 


As ſuppoſe you would make a Square, 
whoſe fide ſhould contain 36 equal parts, 
(which ſappoſe yards) or whoſe fide fhould 
beequal tothe line QR, which is the fame. 
Firſt, From your line of equal parts,cither” 
upon. yanr Scale, or prickt out PEE 0 

$f Q Lake . 


mee * 
: ", 
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take with your Compaſſes three-of the lar- 
gec diviſions , which ſignifie 30, then ex- 


tend them further to 6 more of the ſmaller}. 


diviſions, which. together make 36, and 
prick out, and draw a line of the ſame 
length as AB: Then by the Probl. fol. 
54+ erect a perpendicular upon the end of 
the ſame line at B, containing the ſame 
length. Then keeping your Compaſſes at 
the diſtance of QR, or AB, or BC, (al 
threeCocing: equal) ſet one Foot of your 


compaſſes in the point C, with the other| 


AG T————B, xz 


deſcribe the Archat D: Alſo the compa 
ſes reſting at the ſame diſtance, place one 
foot in A, and with the other croſs the 


former prickt Arch inthe point D. Laſtly 


C where 


"Ix write. fark... nts "| wan» DPocow 


| BOOK Il. Of Geometry, 8g 


where theſe Arches interſect one another, 
make a - prick with the point of your com- 


| paſſes, and from thence draw right lines 


from D to C, and from D to A , which 
ſhall include' the - Geometrical Square , 


ABCD. : 
Now if inſtead of ereCting the perpendi- 


cular BC (as is before direCted) you protratt 


an Angle of go degrees, or a right Angle 
at the poiut B, it will effect the ſame thing, 
and a line drawn at the ſame Angle ill be 


| a trueperpendicular. 


Now I told you before, there were 3 {e- 
yeral ways of protraCting an Angle. 

1, By Scale and Compaſs, or a line of . 
Chords. 

2. By a Protractor properly fo called. 

3. By aline of Right gines, and I ſhall 
ſhew how to protraCt an Angle of go de- 


' grees at the point B, every one of theſe 


wales. 
FECT 3 


Firſt, By a line of Chords, and note that. 
you muſt either havea line of Chords,whoſe 
Radius is fhorter than the line AB, or DC, 
orelſe you muſt produce theſe lines till they 
meet with- the Radius. Then with your. 
Compaſſes ſet one foot at the beginning of 
your line of Chords, and the other extend 

©. to 
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to 60 (where uſually are braſs Centers in 
moſt Scales) and with that extent ftting 
one Foot in B, deſcribe an Arch of a Cir- 
cle, cutting the lines AB and CB, and then 
from the points where this Arch interſed 
the lines AB CB, meaſure with your cam- 
paſſes in the fame Arch the Chord of 90 
degrees, which is the diſtance from the be: 
zinning of the line of chords to go degrees 
or the whole line, and makinga prick there, 
lay y&ar Ruler to the ſaid prick and the 
point B, drawing a line to the point B 


and the Angle at B contained betwixt the] 


two lines AB and B C. ſhall be a Right An- 
gle, oran Angle of go degrees, which was 
the thing required ; and the like is to be 


done for any other Angle, of what quan-| 


tity of degrees ever, as 3O. 40. 50. 130, 
degrees, with their odd Minutes, if there 
be any; But I hope this Example may ferve 
| for all, or inſtead of many,ſo I ſhall menti 
on no other in this place. 


+ © *& #2 


Secondly, By the Protradfer do thus, put 
2 Pin through. the Center hole, fixing iti 
the point B, then lay the Meridian line d 
the Protraftoar upan the line A B, andby 
the edge of the Protrator make a mark 
2gainft go degrees, and from that _ 
"= | raw 
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_ go, degrees as required. 
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draw a line to the point B, and the Angle 
included betwixt the two lines is an Angle 
of 90 degrees, as before. Suppoſe the Se- 
mi-circle BAD, (as in pag.65..) were a Pro- 
tractor, the Limb thereofdivided into de- 
grees as there1t is, the Point C. is the hole 
at the Center, the Line B D is the Meridian 
line, and at the Point A you find go de- 
grees: Thelike is to be underſtood of any 
other Number of degrees whatſoever, more 
or kefs, or any other Protrafor what#eyer. 
Lay the Meridian upon AB the line given, 


' the Center upon B, and againſt go degrees, 


or the point A in the Protraftor make a 
mark at C, and from C to B draw a Line, 
and AB, and CB will include an Angle of 


o 
"af 2 os aig © 


Thirdly, To Protract an Angk (which 
ſuppoſe 90 degrees) by the line of Right 
Sines, do thus. Firſt, Set one foot of your 


| Compaſſes in the beginning of the line of 


Sines, andextend the other to the Sine of 
30degrees, with thisextent ſet one foot of 
your Compaſles in the Angular point at B, 
and with theother ſtrike an Arch of a Cir» 7 
Cle, cutting the line AB. produced to a ſuf- 
ficient diſtance. Then taking 45 degrees 
from the beginning of the line of Sines in 
| | h your 


— — — 
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your Compaſs , which is half of go. (or 

_ the halfoi any other Anglerequired ; ) and 
ſktting one foot of your Compaſſes in the 
point of interſeftion where the Arch cut- 
teth the Line AB, with the other foot of 
your Compaſſes makea mark in the ſaidArcth, 
and from that mark draw a right line to the 
Angular point B. ſo is the Angle included 
double to the diſtance upon the Arch, viz | 
godegrees. And what 1s here ſaid concer- 
ning the protracting of an Angle of go de-| 
grees, Is in all ReſpeCts to be underſtood of 

.- anyother Angle, or any Number of De- 

grees whatſdever, whether more or le, 

the ſame Rule of working being. obſerved | 

for one as well as the other. 


And ſo much {hall ſuffice to have ſpoken 
to the firſt particular concerning 4 
Square, to wit, the Producing or Mz- 

king of it.. 
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In the next place, I ſhall ſhew you the Re- 
ducing of it 3 or rather, the Reducing 
of other Figures to it, which take as 
follows. . 


| - 
FECT: 4 
To Reduce a Long Square to a Geo- 
| metrical Square. | 
V Hichis nomore but to finda mean _ 
proportional betwixt the length 


and the breadth of the gong Square, for 


that ſhall be the length of a ſide of a Geo- 


' metrical Square equal in content thereunto. 


As Suppole the length of the long Square 
to be 64, and the breadth 16, between 
which two the mean proportional is 32 ; 
ſo that a Geometrical Square, whoſe ſides 
are 32, will be equal to this long Sr ire. 

Now to find a mean proportional b: ,om- 
mon Arithmetick, or Arithmetically, is taught 
before . by Logarithmes, ( page 33.) By 
the Lines of Numbers, Sines,' and Tan- 
gents, (page 43.) By ProtraCtion, (page 


60.) where you have the variety of 


C doing 
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doing it all theſe ſeveral ways, to which | 
-refer you. 


F 4 es > 
To Reduce a Rbombus or Rhombordes to a 
Geometrical Square. 


From one of the Obtuſe Angles let. fal 


a perpendicular, and a mean proportional | 


between .the perpendicular and the. fi 


wherCon. it falls is the ſide of a Square 


equal to the fame. : 


FECT: $. 
To Reance a Triangle to a Geametrical Squatt 


Is to find a mean proportional betwee 
half the Baſe anE the Perpendicular, which 
ſhall be the ſide of a Square equal to the 
Triangle: As ſuppoſe - the Baſe 72 , hal 


whereof is 36 ; and fappoſe the perpendt} 


cular be 25, the mean proportional wilthe 
30. And ſo any other irregular Polygon, 
(or many-ſided Figure ) may be reduced in- 


to a Square, lf firſt you Reduce the ſame} 


into Triangles. 


And thus much for *Producing and Redw 
cing a Geometrical Square : Now i 


the laſt place, To Meaſure it. 
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The laſt thing that remains to be ſpoke to 


fal 


Ni 
re 


't, 


nal - 


about a _— is the Meaſuring of it 3 
of which I come now to Entreat. 


SEC 5 I. | 
Ty Meaſure the Square. 
V " 7 Hich is very eaſie and ſhort, Mul- 


Y tiply oneof the ſides init felf, or 
by it lf, and the Product is the Superficial 


—  _-. > ” 


Content or Area: As6 by 6 produceth 36, 
and 4 by 4 16, &c. 0 - 


SECT. 2. 

But beſides this Superficial , or Flat Square, 
there is alſo a Solid Square ; ſuch is a Cube, 
when the Top and the Bottom as well as the 

4 flats are all Squares in faſhion of a Dye. 


| Now to Meaſire this. 


Firſt, Multiply thelength by the breadth, 
that gives the Superficial Content , and 


| that Superficial Content multiplyed again 


by the Depth, gives the Solid Content in 
Cube Inches. 
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Of a Triangle. - "yÞ* 


Hae ſpoken to the two former Geth 
4 metrical Figures, the Circle and thith 
Squaez, In the third and laft place I com ſt: 
now to ſpeak of a Triangle, which is th{ſu 
moſt admirable of all the Three; TheProf ip 
ducing of which, the Reducing whereuntol el 
and the Meaſuring whereof is the Sumand 
Subſtance of all the Mathematicks. Cc 
For hereby we meaſure both Sea ant 

Land; all Regwar, and all irregular By be 
dies; the very Heavens themſelves, and alj Cz 
the Heavenly Bodies : All Real and Imag| ar 
nary Magnitudes, Heights and Diftancey M 
- Whether acceſſible , or inacceſlible, as in th 4 
following part of this Diſcqurſe you maj A 
beſt diſcern, when we cowe to- particulaſ bi 
Application of 'a Triangle , to Surveying 18 
Navigation and Aſtronomy. A 
Triangles are of Two Sorts. : Eitheq IK 

1. Plain: Or, 2. Spherical, each conſiſt 
ing of three Sides and three Angles, whid 
together make ſix ſeveral Parts : Any thre 
of which Parts being given, any, or = 
C Tis 
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the other three may be found out by the 
Golden Rule, or Rule of Proportion. | 
For Sphzrical Triangles, they properly 
belong to Aſtronomy, and the Reſolution 
Jof Aſtronomical Queſtions; therefore I ſhall 
paſs them by in this place, and refer the 
Reader till I come to ſpeak of Aſtronomy, 
{and ſhall then ſhew you the Reſolution of 
3ed them 3 and how thoſe Queſtions about which 
i they are converſant, may be reſoly?d- Ins 
m{ſtrumentally, with far more eaſe, moreglea- 
i ſure, and more plainneſs. At preſent I ſhall 
# ſpeak only to Plain or Right -Lined Trian- 
tol oles, which are ſufficient for Surveying and 
nd Navigation, for taking Heights and Diſtan- 
ces both by Sea and Land. | 
{ - Now of theſe, If any one of the Angles 
ef be a Right Angle, or 9g@ Degrees, It is 
af called a Right Angled Plain Triangle. If 
gf any of the Angles be an Ob:nſe Angle, or 
« more than go Degrees, it is called an Obtnſe 
thy Angled Plain Triangle. Ifall the Angles be 
a3 Acuteleſs than goDegrees{which they muſt 
lag be if they-be neither of the former,) then it 
is, Called an Acute Angled Plain Triangle. 
And of theſe in my former Method as fol- 
ef loweth. 


j 
| 
| CHAP. 
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1. FN the firſt place I ſhall therefo ©! 
ſhew you, How to Produce,  W 

tra, or Framea Triangle. J Ly 
2. Iſhall ſhew you how all other Fig # 
whether Regular or Irregalar may be Rt | & 
duced to one Triangle, or however to tf 5! 
ny, and fo meaſired by its Rules, 44 
3. How to Meafure a Triangle, or © 
find the Contents either of a Saperficial, of 


of a Solid Triangle. And likewiſe by ft th 
of the ſix parts given, (v:z. Sides and 4 jg © 
gles.) To find the reft, which is proper 
Sled the Reſlution of a ——_— wi 
Trigonometry. n- 


Firſt then, To Produce, Protratt, 
down, or Frame a Triangle,ts no mor 00 K 
the protraCting or laying down of Li 
and Angles. The Lines or Sides are lal 
down from a Line of Lines, or equal Part 
and the Angles are protratted by a Li Þ' 
of Chords, or by a Line of Sines, ora Pr 
tractor, as you ſee is taught in the makly 
of a Square, pag- 83, 84, 85, &c. But.bs 
cauſe there is only mention made of a Rig! 
Angle, (a Square admitting no other) Lhd 


| i 
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ſo. Now you muſt know that every Acute- 


| angled Triangle, whoſe Angles are all A- 


cute, doth contain 180 degrees, all the An- 


gles added together z A Right Angled Tri- 


' angle, beſides the Right Angle, which is al- 


waies 90'degrees, contains other go in the 


1 two other Angles ; the one whereof is al- 
i waies thecomplement of the other to 90 
of degrees more, being in the whole 130 de- 
of grees, Or a Semicircle exa@tly. An Gbtuſe 
| Angled Triangle, by how much the more 
.y the Obtuſe Angle is more than go, by fo 
44 much the other two are leſs than go : AN 
il three tagether notwithſtanding naking ex> 
i actly 180degrees as the former. - 


So that the Three Angles of every Tri- 


4 angle are equal to two Ryght Angles, or 


180 degrees, whether it be an Acute, Ob» 


| tuſe, or Right Angled Triangle. 


As the Anglesare thus diſtingniſhed into 


4 Right, Obtuſe and Acute, fo alſo are the 
14 Sidesof a Right Angled Triangle (which 
{ is of moſt uſe and excellency) diſtingui- 
| ſhedinto theſe three, . The Baſe, the Per- 


pendicular , and the Hypothenuſe. (In 


j other Triangles, either Obtuſe, or Acute, 
{ they ere called the Hypothenuſe, and the 2 


Catheti.) Orothers divide them into the 


o which 


/ 


{ ubtending fide, which is the fide oppoſite | 
aj £0 any Angle, and the two containing ſides 
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which are the ſides next on either ſide the n 
ſaid Angle. * -- We I 
. Ina Right Angled Triangle, the Hype - 
thenuſe is alwaties the ſide oppoſite to the 
Right Angle, the Baſe is nſually accounte{ 
the longer of the other two, and the pe 
pendicular the ſhorter, including the Righ 
Angle betwixt them. | 
Now to makea Triangle, whoſe Beſei 
400 inches, feet, or yards, and perpendy ;; 
cula® 231, and Hypothenuſe 462; th x 
Right Angle go degrees, the Angle at thy & 
Baſe 3odegrees, and conſequently the oth ++ 
Angle at the top of the perpendicular 6 
degrees, being the complement of the othey 
Angle at the Baſe to go degrees. Tal x; 
this following Example, in 
_ Firſt, Draw line at pleaſure AB, all & 
with your Compaſſes take 4 of the largt g1 
equal parts from your Scale or Line ofequd +6 
'parts, and mark that diſtance upon theſa q; 
Line AB, ſignifying 400, then upon | th 
Point B raiſe a Perpendicular or protralf B: 
an Angle of go degrees (whichis all on th 
aSIs taught page ' 86. either by a Lined m 
Chords, a Line of Sines, or Protradtor 
Then with your Compaſſes take 231 fron 
the Line of equal Parts for the length 
the perpendicular ; and ſetting one Foot! 
the Angle at B, make a mark with the oth ſa 
for the length of the perpendicular : Th yc 
C | upd 
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bs ypon the Angle A, at the Baſe protraCt an 
1 Angle of 3o degrees on this manner. 


ik SECT; 3. 


* Firſt, by a Line of Chords, et one foot 
4 of your Compaſſes at the beginning-of the - 
| Line, andextend the other to 60 Degrees 
q for the Radius: Then with this extent ſet- 
4 ting one foot in the point A, deſcritg the. 
i Arch DE, cutting the Baſe in E, and then 
q ſetting one foot of your Compaſſes again in 
M the beginning of the Line of Chords; ex- 
4 tend the other to 3o degrees, (that being 
KM the number of degrees the Angle is to con- 

{ tain) and ſetting one foot: of the Compaſles 

in the point E, where the ” does Iinter- 

Ns {ect the Baſe; with this Extent of 3o de- 
4 grees makea mark, then laying your Ruler 
v3 to the {aid mark, and the Angular point A, 
4 draw a lineat length, or till it meet with 
| the perpendicular, ſo ſhall the Angle at the 
Baſe contain 3o degrees, and the other at * 
| the Perpendicular 60, being the comple- 
" ment to go degrees. 


& TREE. 3 


Now by the Line of Sines to protraCt the 
| ſaid Angle of 3o degrees. Firſt, take in 
q your Compailles 30 degrees of the line of 
| - F lines 
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ſines, and at that diſtance draw the Arch, F 
and at the diſtance of 15 degrees (whichiz] © 
half of 30 the Angle required) draw the c 
Hypothenuſal, ſo ſhall it be an Angle of 

30 degrees. | | 


And laſtly, To protra& this Angle F ; 
30 degrees by the Protrattor , do thus] e. 
Prick*the Pin through the Center hole ig C1 
the point A, and lay the Meridian line vp 
on the Baſe AB, and making a mark by th T 
edge of the Protraftoragainſt 30 degrees, by 
the ſame mark, and the point A, drawth 
Hypothenuſfal AC, 


6 ww vi. Þ 

Y Af 4 
v [8 - 
| >” l = 
A————} 4209 Baſe B. 


F- © 


| 

So that by any of theſe three ways ydl 
may protract an Angle, and any other At 

gle as well as this in the Example ; obferyy Fi: 

ing the ſamg Rules, which together will thi 
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Mi the fides protrated from a line of equal 


[0 


”P 


e 
{'s 


parts , makes up the compleat Triangle, 


ABC ; and by conſequence any other Tri- 
angle whatſoever : Only in an obtuſe An- 


le, where it is more than go degrees, as 
ppoſe 142, yon muſt firſt prick out go 


1 degrees, and from thence the remainder that 
1 is 50 degrees more, which together make 
* 140 : And the ſame Rule is to be obſerved 
I for odd Minates, as is here given fax de- 

orees all along. 


FECT T- .< 


Three Lines being given, ſo that the two ſhort- 
eſt together be longer than the Third, to make 
theresf a Triangle, 

he os 


| E 
At } 
B) _ 
C— 4 


As ſuppoſe the Lines given - be A, B, Cs 
Firſt draw the line DF equal to the line B, 
then take with your CompaſſtFthe line Cy 

| F 2 and - 


A 
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andſetting one foot in E, with the othe 
deſcribe the Arch HG : Alfo taking thegi 
ven line A in your Compaſſes, and placiny 
' one foot in D, with the other deſcribe th 
Arch HF, cutting the former Arch HG i 
the point H. Laſtly, if from the pointy 
you draw the lines H E and HD, you hal 
conſtitute the Triangle HDE, whole ſide 
fhall be equal to the three given lines, ABC, 
, & "B 


 ,., 1am am'onnwommi.c i. ..=2z 


Py] © wo 


FECT. 2. 
\ "To make a Triangleto contain 910 equal party 
(ſuppoſe Perches) whoſe Baſe ſhall be 5o » 
the ſame equal parts, be they what they mil 


Double the number of Perches or equlſ , 
Parts 910, and tywy make 1820 , dividethif © 


c _—_——— 

| 364 |} 

FE: 

—— 

by the Baſe 50, the Quotient will be th} ©© 
length of thaperpendicular of the Triat 


ghl 
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ole, towit, 36;. Then fromany Scaleof 
equal parts Iay down 'AB the Baſe 50, then 
 npon B raiſe the Perpendicular BD. 36; ; 
SJ and draw the line CD parallel to AB : Then 
i from any point in the line CD (as. from E) 
draw the lines EA and EB, including the 
Triangle EAB, which. ſhall contain 910 
mt equal parts as required. - And the like, if 
«4 you would make a Triangle to contain any 
4 other number of Perches or equal Parts, the 
Rule is the ſame 7utaris mutandis. 


SECT. 6, 
0 To make a Right Angle readily, 


a Take aLine for the Hypothenuſal, and 
divide it into five equal Parts, then take: 


£E 


three of thoſe equal parts for the Baſe, and 
a four for the Perpendicular, and joyn theſe 
F 3  - 


® 4 4 4 
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together - Or, draw a Semicircle, as ABCD|- 


upon the Center E, (D A the Diameter) 
and-from A draw a line to the Circumfe-. 
rence, as at BorC: Then from B or C 
draw lines a to D,ſo have you made a right 
Angle, as ABD, or ACD. 


$S F#CHT % 


To Divide a Triangle into any propor- 
. tion whatſoever. 


By the Fifth Geometrical Problem, (p. 58.) 
Divide the Baſe of the ſaid Triangle in 
proportion, as 20 1s to 3o, as thereit is 
done, and from the point of Diviſion at G 
draw a line to the oppoſite Angle at E, 6 
is the Trianglegit ſelf divided in the ſame 
proportion ; for as the line C 20 is to the 
- lineD 3o, ſo is the Triangle EAG to the 
Triangle EBG. 


To do this Arithmetically. 


Suppoſe the whole Triangle to contain | 


8 Acres, and if it be required to Divide the 
ſame into 2 parts by a line drawn from the 
Angle A;the one part tocontain 5 Acres,the 
other three. Firſt meaſure the whole length 
of the Baſe, which ſuppoſe 40, then ſay 
by the Rule of Proportion. If eight —_ 

IN "y tc 


—— 


wy <&f Fi wa a rtnagqo 4 Hy 


Yq7 


So Q&A. a, 


OR GP 


S # © - 
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| (the Quantity of the whole Triangle) give 


hs 
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49 (the whole Baſe) what parts of tho 


OE." - | 
oc... 

S:Hereg IEA 
[2 8. inall 


Baſe ſhall five Acres give? Multiply and 
Divide, the Quotient will be 25' for the 
greater Segment , which being deducted 
from 40 (the whole Baſe) there will remain 
15 for the leſſer Segment#then draw a line 
from the oppoſite Angle, which ſhall Di- 
vide the Triangle according to the pro- 
portion required. 


f much ſhall ſuffice for producing, 
and framing a Triangle, and alſo for 


dividing the ſame : In the next place accor- 


ding to my former Method, to ſhew how 
other Figures may be Reduced to Trian- 
F. 4 ® les : 


- 
£-—————_—_ _ ——_—— 
a ai th — FUR SO, ara” 7 be Ree och. hr” PPT VG + > APIS <c_: 


* 
ER EE 


0 
+ ” 
I ESIILGEIID, ow Ov on ns. 


4 Haw. of var 


gles: And herein appears the excellency of 
a Triangle above the reſt, that all Geome- 
Lrical Figures, whether Regular or Irregy- 
}zr,- which can be reduced to neither of the 
tormer, that is, neither to a Circle,'nor a 
 Sevare 3 may yet be infallibly reduced toa 
Triangle, or however a certain Number of 
friaugles. ZCeyburn in his Firſt Book of 
41i3 complegt Surveyor contalning Geome- 
::164] Preblems, fhews Probl. 30. 31. 32.33, 
How go Reducea Trapezinm, Or any irregu- 
jar Plot of 5, 6,7, Or 8 ſides into a ſingle 
Triangle, which I abridge 1n this manner, 


To Reduce a Trapezinm into 4 Triangle 
Containing 4, unequal. ſides, 


Extend the lige DC, and draw the Dia. 
gonzl B, D Then from the Point A draw 


A_ 


AR—__—_—T TT TL 


the line AE parallel to BD, extending it 
Lill it cut the ſide CD in the point E. Laſtly 
@ From 
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| From B draw the line BE , conſtituting 
the Triangle EBC, which ſhall be equal to 
the Trapezium, ABCD. 


How to Reduce an Irregular Plot of 5. 6. 
7. Sides into a Triangle. 


FEE L = = 


| Let ABCDEEFG. Firſt Reduce this Figure 
of 5 ſides into a Figure of 5 ſides, keeping 
the lame quantity, ABKLG on this manner. 
Draw the line BD, and parallel-thereunto- 
- CK, thendraw: the line BK, whereunto the ' 
two linesBC and CD are thereby reduced.” 
Then draw the line GE, ard parallel there- -- - 
unto FL, then.if you draw the line G Ly-- 
Fe. ® the: - 
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the two ſides, GF and FE ſhall thereby be | $ 
reduced to one ſtraight line, viz. GL, and'] 6 
the whole Plot to a Figure of five fides | ar 


ABKLG. g| 
W 
Now to Reduce this to a Triangle. * | of 


Firſt, Produce the fide DE on both ſides 
at pleaſure, then draw the lines AK and | — 
AL, and parallel to them the lines BH and | 
GM, cEtting the line D E, being extended | 
in H and M. Laſtly, If you draw the lines | _ 
AH, AM, you ſhall conſtitute a Triangle | *| 
AHM equal to the Irregular Plot ABCD 
EFG. CC 

' And having ſhewn you to Reduce theſe tl 
Figures into a ſingle Triangle, I ſhall alſo | tt 
jhew you how t@- Reduce the like Figures | w 
into fevcral Triangles, which being ſeve- | tt 
rally meafured and added together, give} C 
the contert of the whole Plot or Figure. 
' Now for the doing hereof obſerve this 
gener2l R:ile, That the Number of Trian- | 
gles contained In any Figure or Plot, will 
be alwaics two fewer, or not. ſo many by 
Fwo as the number of Angles, or Sides | It 
which the ſaid Figureor Plot doth contain. | H 
% AS any Square or T rapezium which con-Þ 2! 
2ins 4 Angles, and 4 Sides may be eaſily re- | | 5 
ducW ro 2 Triangles drawn from Corner | 
to Corner, {o likewiſe a Plot of 5- 6.7, or | Þ 
af c  - * Viides | 
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$ ſides may be eafily reduced to 3. 4. 5. or 
| 6 Triangles, as' will appear upon practice; 

| and needs no Example, Now theſe Trian- 
gles meaſured: particularly , and then the 
whole: added together, gives the content 
of any Irregular Plot or Figure whatſo- 

ever. 


LE ————— 


CHAP. XIL 


'F'Herefore in the third place to ſhew you 

How to meaſure a Triangle, and by 
. eonſequence any other Plot or Figure, take 
this Rule, that half the perpendicular and 
the whole Baſe, or half the Baſe, and the 
whole perpendicular multgplyed the one by 
the other, gives. the Area or Superficial 
- Conterit of the faid Triangle. 


S BET. i Þ. 


Now the perpendicular of a Triangles 
a Plumb line let fall from any Angle upon 
its oppolite fide, which we call the Baſe: 
How to let fall this perpendicular from 


any Angle or Point you have®Probl. 3. pag. - 


55- to which I refer you. 

_ Now for an Equilateral Triangle, or a 

| Triangle having three equal ſides, obſerve 
P this 
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this Rule : That the power of the fide is 
to the power of the perpendicular let fall 
from any of the Angles to the ſubtendent 


{ide in proportion ſeſquitertia, oras 4 to 3, 


or * of the other. Note the Power of a 


| - Line is tne Square thereof, 


SEL 3. 


Any three ſides of any Triangle being 
* knowe;, to find the Perpendicular : The 


greateſt fide being aſſigned for the Baſe, | 


upon which the perpendicular. ſhall be ſup- 
poſed to fall - Firſt find the-Sum of the other 
two ſides, (which ſuppoſe 13 and: 11.) Then 


obſerve the difference betwixt theſe two | 


lides, which is 25 that done, ſuppoſe the 


whole Baſe to he 20: Say by the Rule of | 
Proportion, As the whole Baſe 201s to the | 


Sum of the other two ſides added toge- 
ther, viz. 24, 1o 1s the difference of the 
other two {ides, viz. 2. to a fourth num- 


ber 23, which being deducted out of the | 


Baſe, the perpendicular will fall-in the mid- 


dle of that which remains, 2-4 deducted | 


from 20 , reſts 17 ,*. , the half whereof is 
8" :a line drawn from that point from 
the Baſe to the oppoſite Angle is the true 
perpendicular to thefaid Triangle, 


An 
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- Another way to find the Perpendi cular of 
\ .* an Equilateral Triangle. © 


Multiply one of the ſides by 13, and di- 
vide the Produtt by 15, the: Quotient is 
the perpendicular, ſaies Browz in his Trian- 
gular. Quadrant. . 


CHAP. XI. 


"T Hus much for-meaſuring a Superficial 
| Friangle, now aſolid Triingle is that 
 Figure,orSolidRegylar Platonick body,cal- 
led a Tetrahedron, contained under 4 equal 
andEquilateral-Triangleg or a Triangular 
| Pyramid: The ſolid content whereof is 
found by Multiplying the Area or Superfici- 
al content of the Baſe by one third part of 
the length of the Pyramid or Tetrahedron 
from the midſt of one plain to the Apex or 
Topof the Solid Angle oppoſite thereunto. - 
Note that this Triangular Pyramid 1s 
little-more than - of a Cube of equal Baſe 
and Altitude: A Cylinder is +. of a Cube 
of equal Baſe and Altitude. 
| AGlobe 1s 4+ of a Cube, or 43 of a Cy- 
Linder, whoſe.ſides and diameters are equal. 


@ How 
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How to Meaſure the Solid Comtent of any 
Body, bow irregular ſoever it be, The 
Form and Faſhion not regarded. 


To perform this, you muſt prepare an 


hollow Cube, into which put your Irregy- 
lar Body, which being placed therein, you 
' ſhall pour in ſo much Water, till it no more 
than juſt cover the Body in the Cube, then 


make &.mark in the inſide of the Cube where 


the Superficies of the Water toucheth. This 
done;take but the irregular Body, and mark 
again direfAly under the-farmer,. where the 
Brim of the Water now touches z for the 
diſtance of theſe two- marks niultiplyed by 
the Square of the Cubes ſide, produceth the 
Crafſitude of thet Irregular Body, For 
Example. 


[BOOK IT. Of Geometry: Il 
Suppoſe A to be the Cubical Hollow 
Veſſel , whoſe inward | Fe 


ſide ſuppoſe to be 20 in- 
ches, B the irregular 
| Body, whoſe Solid Con- PR” 

tent is required. Firſt p 
then put B into the s © of 
Hollow Cube A, and — 


pouring in water till it = 
be covered, admit the 
top of the water to 400 ® 
| reach to C: Then tak- 9 
ing out the - Irregular 2600 Inches, 


Body again, admit the 

Superficies of the Water fall to D, then mea- 
ſure the diſtance betwixt C and D, ſappoſe 
9 inches, which Multiplyed into 400, the 
Square of the Cubes ſide woduceth 3600 3 
and ſo many Cubical Inches are contained 
in the [Irregular Body B. By this you may 
meaſureany Part or Portion ofa Solid Body. 


Now having ſpoken of a Solid Circle, 
viz. a Globe, and of a' Solid Square, viz. a 
Cube: And now of a Solid Triangle, viz. 
a Tetrahedrom. Theſe two laſt being two of 


| the five Platonick Bodies, I ſhall add the 
Other three. | 


An Oftaedron Is contained under eight 
equal and equilateral Triangles, 
— An 
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An Jcoſaedron is contained under 20 equal 
and-<quiateral-Friangles. | 

'A Dodeeaedron iscontained under 12 equal 
Equilateral and Equiangular Pentagons. 


A Polygon is any Figure of many fides, 


and a Reguiar Polygon is one whoſe ſides are] 


 allequal. - Now to meaſure any Regular 
Polygon; . The diſtance from the Center to 
the middle of one ſide, and the half Sum of 
the meaſure of all the ſides multiplyed to- 
gethee, ſhall be the true Area or Content 
thereof. To meaſure any Irregular Polygon, 
ſee page 105, by Reducing it to a-Triangle, 


If the Area or Content be: 100, then the 
ſides of theſe Regular Figuresare - 


as follows. wy 

- Its perpendicular 4 

n Eqn Tri erpendicular 43 . 12 
AnEquilateral Triangle, 3 Rec wm dg | 
A-Squar? its fide. | Io 
A Pentagon, which 1s a Figure of 5 fides, 7 62 
An Hexagon of 6 ſides, its fide = 
An Heptagon of 7 ſides, its fide, 5s 26 
An ORagon of 8 ſides, its (ide. Ss 46 
A Nonagon-of '9 ſides. " WEE i 
A Decagon of *16 ſides. 3: 6 2 
The Semidiameter or Radius of a Circle, 5 64 


A Cone differs from a Pyramid, becauſe 
a Cone hath alwaies a round Baſe and Su- 
perficies likea Sugar-loaf: But a Pyramid 


hath an Ahguiar Baſe and Superſicies of {-: | 
| « 


veral 


DB IUOUGHs 


the Solid Content. 
ficial content of the Baſe, and Multiply 
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yeral ſides : The way to meaſure both as to 
Firſ:, find the Super- 


the ſame by the third part of a perpendi- 


cular from the ſharp end to the Baſe. And 
| according to theſe Proportions before- 


mentioned is any other Quantity or con- 
tent to be found out : As ſuppoſe I would 


have a Triangle to.contain 200, what muſt 
the ſides. be? The half diſtance in the line 
of numbers-betwixt 100 and 200wilhreach 
from [15.2 to 21.5 for its ſide, and from 


13.123 the perpendicular of a Triangle, 


whoſe Area is 100; the ſame extent will . 
| reach to 18.6 the perpendicular of an 


Equilateral Triangle,whoſe Area is 200,@c. 
SECT., 3. 


The three ſides of a right-lin'd Triangle be- 
#ng given, to find the Superficial Content. | 


Add the three ſides together , (as 206- 
13. 11) which make 44, the half of 
which is 22 ; from which half Sum 1ub- 
ſtraft each fide ſeverally to the end you 


| may have the difference betwixt that half 
Sum andeach ſide, which will be 2.9.11. 


Then add the Logarithmes of the ſaid 


half Sumand of thoſe differences together, 


_ and laſtly, Divide the Sum of all thoſe Lo- 


© garithmes 


- . . 
” " 
_—_ OO SPIT ART ARG I. ono 
IS FIC "I TIO 7 In 4 
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garithmes by 2, ſo you will have the Loga 
rithme of the Superficial- Content or Arez 
of the Triangle. 


The half Sum 22. 1.34242} 


2. 0.301030 


The Differences? 9. 0.954243] - 
1. 1.041393] 


The Sum of the Logarithmes — .3.63908y| ' 
The «Area or Content req. 66. 1.819544] 


————_————_—_—_—_ nm —_—_—_ 


 ——_ 
| 
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OF 
GAUGING 


ALL SORTS OF, . 


VESSELS. 


Avuging of Veſſels is no more but 
Meaſuring of Solids. Theſe 
Solids are to be Reduced to 
ſome Regular Geometrical Fi- 

gure (as is taught before when we treated 

of Meaſuring of Solids in General) eſpect- 
ally to one of theſe Three. | 


1. The Solid Square or Cube. 

2. The Solid Triangle, or any Irregular 
Soud. 

3. The Solid Circle or Cilender. 


bi. ntl... A 9... 2. _AM- #7 


1. To 
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I. To Meaſure 4 Solid Square, or any 
Veſſel in the form of a Cube, 


The Rule is this, 


Multiply the Length by the Breadth, 
and that ProduCt by the Depth (in Inches) 
and that gives the contents in Square Inches, 


Now to bring theſe Inches into Ale, Wine, 
or Corn Gallons, 


Obſerve this Rule once for all, That 
formerly the Ale Gallon was accounted to 
contain 288 ; Cube Inches. But by the care 
and pains of Mr. Nicholas Gunton, the juſt 


quantity of the Quart for Ale remaining in | 


the hands of th& Chamberlains of His Ma- 
jlties Exchequer appears to be 70; Square 
Inches, which makes the Gallon 282 , as 
ſome have of late found to their: no' ſmall 


coſt. And I amof opinion (ſaith Mayne) | 
that if the Wine Gallon were carefully ex: 


amined, (and ſo alſo the Corn Gallon) they 
would prove to contain leſs than they are 
commonly holden to do. 


But to proceed, for Ale divide the Pro- | 


duct in Square Inches by 282: for Wine 


by 231,,and for Corn by 2724, and the | 


Quotient of each is the Gallons ; and it 


: any 
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any Fractions remain to. Reduce it into 
Pints, multiply the Numerator by 8, (ſap- 
poſe £345 be the Fraction) that 1s 128 by 
| 8, and Divide the ProduCt by the old De- 
nominator 282, the Quotient ſhews the 
Pints. Thus much for meaſuring the Square 
or Cubical Veſſel, you may alſo find pag- 
$9, 90. what other figures may be reduced - 
to this, as a Long Square, a Rhombus, or 
Rhomboides, a. Triangle, a Cirelegwith 
itsSegments, &c. | 


2. Now in the ſecond place to Meaſure a 
Solid Triangle, or -anysVeſſel of a 
Triangular Form. 


The Rule is, | 

Multiply the perpendicular by. half the 
Baſe, or the whole Baſe by half the per- 
pendicular, and divide the Produtt by 282, 
_ the Quotient will be the Ale Gallons con- 
| tained in one Inch of Depth upon that 

Triangle, If the Veſſel be of an Irregular 
Form-, Divide it into ſeyeral Triangles, 
and let fall perpendiculars in each , and ſo 
find their ſeveral Areas and Contents, and 
. then add them together : So have you the 
Content or Area of the whole Figure, be it 
- never ſo Irregular, 


3. In 
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3. Inthe third place to- meaſure any Veſſel 
which is of a Circular or Cylinarical 
Form ; That is to ſay, Either Cylinders, 
Or, Tobe Reduced to Cylinders. 


The Rule ts this, f 
Multiply half the Diameter by half the 
Circumference, gives the Area or Superfi- 
cial Content of the Baſe or Bottoms, and 
then Multiply that Produd by the Depth, 
_ gives the Solid Content in Inches, which 
Square Inches you. may bring into Gallons, 
and Pints, as before is taught. 


To find the Diameter of any Circle by the 


Circumference. 
C, 


Multiply the Circumference by 7 , and 
Divide the ProduCt by 22. 


To findthe Circumference by the Diameter. | 


Multiply the Diameter by 22, and Dr] 


vide the Produtt by 7. 


To find the Area or Superficial Content of # 
Circle-by the Diameter. 


Square the Diameter, that is, Multiply 
it by it felf,, then Moltiply the Produtt 


by: 


— 
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by 11, and divide by 14 , the Quotient 
gives the Area or Superficial Content : 
For as 14 is to 11, fois the Square of the 
Diameter to the Area, or at leaſt the near- 
eſt Approximation to it for Common Pra- 
ftice, or which comes infinitely near the 
Truth. As Unity is to 3. 14159, fois the 
Square of the Semidiameter to the Area in 
Square Inches. Or, 


T ake this ſhort Rule to find the Ale or Wine 
Gallons in any Circle by the Diameter, 
and one Inch in depth, 


| Square the Diameter, (that is, Multi- 
ply it by it felf,) and divide that Square 
or Product by 359, for Ale Gallons, or by 
294 for Wine Gallons; ang then Multiply 
that Area or Superficial, Content by the 
| Length or Depth of the Veſſel, and that 
will give you the Solid Content of the whole 
Veſſel in Gallons, 

Thus far we have ſuppoſed the Veſſel to. 
be meaſured to be perfectly Circular or 
Cylindrical; and the Top and the Bottom: 
to be both of the ſame Diameter : Burt. if 
| the Top and the Bottom be of different. 
| Diameters, (or which is the ſame) the 


Head and the Bung, then you ar? to find 
a Mean Diameter, 


Which 


120 _ Ganeing. BOOK IT 


Which whe theVeſſel is a _ Cone, and 


the fides ſtrait. 


Firſt, Find the Area of the Baſe or Bot- 
tom, and multiply that Area by the third 
part of the Altitude, the Product is $ the 
folidity of the whole Cone. 


IF the Veſſel be not a whole Cone, but only 4 
" Gpartor Fruſtum of a Cone. 


Add the Diameters at Top and Bottom 
together, and take the halt-of that Sum 
for the mean Diameter. 


To Meaſure a V, efſel, which is an 1 rregular 


Cylinder, (fiich as a But, Pipe, Hogs 
begd, Barrel, &c.) find the Mean Dia- 
meter by theſe Rules. 


1. Add double. the Bung Diameter tol 


once the Head Diameter, and Divide their 
Sum by the Quotient take for your 
mean Dialfeter. 

2, Mo 
of the BunzQiameter, add the Square ofthe 
head Diameter, and that Sym Maltiply by 
the Cask length, the laſt Product Divideby 
1077, the Quotient is the Ale Gallons; or 


by 882 Quotes the Wine Gallons contained | 
in that Cask. . 3-0 


q= To the doubled Square] 


Bl 
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3. By Mr. Oughtred's way of Meaſuring 
the Fruſtum of a Spheroid. 


| Firſt, take the Diameter at the- Bung, 
| and find the Area of the Circle anſwerable 
| thereunto, and. take two thirds of that 
| Area. Secondly, Take the Diameter at 
the Head, and find the Area of that Circle, 
| and take one third of that Area:3-add theſe 
two Sums together,and multiply the whole 
by the length 'of the' Veſſel, the Product 
| gives the content of the whole Veſlel in 
C1bique Inches, which divided by 282 for 
Ale, or 231 for Wine, gives the Gallons. 


To Meaſure a Veſſel, which is an Irregular 
Cylinder, ſuch as a Aut , Pipe, Hogs- 
head, Barrel, orthe like. 


Take the Diameter at the Bung, which 


| ſuppoſe 23 Inches, and then take the Dia- ' 


meterat the Head, which ſuppoſe to be 20, 
the difference is 3 : Now (in reſpe& to the 
Oendling of the Staves in proportion, as 7 
_ to 19) Multiply, this difference 3 by 7 
makes 21, and divide the Produtt by 10, 
makes 2-/,., which added to the leſſer Dia- 
meter 20, makes 22,', for the Mean Dia- 
meter: Half of this Mean Diameter multi- 
plyed by half of irs proportignal Circum- 
| | G ference, 
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ference, gives the Area or Superfictal Con-| . 
tent, and that multiplyed by the Lengthoff cl 
the Veſſel, gives its Solid Content 1n ln- 
ches, and thoſe Inches reduced to Gallons 
by dividing by 282 for Ale, and 231 for 
Wine, prokt ſupra, - ;F @f 


"To find a Mean Diameter by Gunters Lin| in 
of Numbers. 34 


Exeend the Compaſſes from the Gange| 
Point to the mean diameter, the ſame Ex 
tent (twice repeated) will reach from th 
Length of the Cask, to the whole Com 
tent of the Veſſel. This Gauge Point is 
17.2 for Ale, almoſt 19 for Wine. 

Mr. Mayne (in his little Book, called} 
his Praftical Gazger, which I recomment} m 
as the plaineſt, and eaſieſt, and ſhorteſt 1] @; 
ever met with,) beſides very good Rules for} ga 
Gauging all ſorts .of Veſſels, and the uſe- dl ke 
the Gauging Rule, which is very well dons} 
He hath (beſides theſe) 4 very uſeful Ta] 
bles, which I ſhall here mention, but refer 
the Reader to the Book it {elf. 

1 The Firſt is a Table of Areas of Cit 
cles in Ale Gallons and Milleſimal Parts; 
to every Quatter of an Inch, from 10 t 
144 Inches Diameter. This is to find tis} 
Contents of the Fryſtum of 'a Spheroid u| 


Ale Gallons, par. 29. 
| | "the 2, A Tabl| 
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: A Table of one Thirds of Area's of Cir- 


cles in Wine Gallons, calculated to every 
Quarter of an'Inch, from 10 to 60 Inches 


Diameter. page 39- This Table is to find 


or Beer- rrel inWine Gallons. 


readily 3 e Contents of a Wine-Hogſhead, 
ble of the Contents of Cylinders 


in Ale-Gallons, and;Centeſimal Parts from 


12:t060 Inches Diameter, and to 8 In- 


ches in Depth ready caſt up, ſo- that you 


ave.nothing to do but to find th@#Plain 
ter, or the Mean Diameter of any 

Cylindrical Veſſel. 

4. \In the Fourth place,A Table of Area? $ 


»f: Seems nts of a;Circle: The Radius dis 


Fided into 100. parts, calculated to the 


7+34Part of a Square Inch. Hereby you 

. may find theVacyity, Ullzge, or Wants in 

A La | partly full lying withjhis Axis pa- 

ng to jthe Horizon : The. Cask being ta+ 
@ the Fruſtum.of a Spheroid : The TW 

ble -apd = of it. fol OWS. | 


A Table 


124 


A L ABLE of Area's of Segments 
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Area 


.0048 
,oo87 
«0134 


0245 
0308 
0375 
0445 
10]-0520 


V 
2 
3 
4 
| 6 
7 
9 


111-0598 
12-0680 


14|.-0851 
{ TSP OPEs 


ool7| 


I 
s|.0187] 
8 


13]-0764 


161.1033 
I7|1127 
18.1224 
19|-1323 
20-1424 
23 | 1527 
22] 1631 


23] 1737 
24| 1845 


Area 


2066 
2178 


2407 


2523 


2292] 


2640 
2759 
2878 
2998 
$II9 
3241 
3364 


BY 


3735 


| er —_—_—_, 


3360 
3986 


4112 


4238 
4354 


4518 


251 1955 


4873 


Ara 


76|8155| 
| 7918263 
78[8369 


4491 
4745] 


oloſs) 


PP 


5 ew A ,0 Nw +> _Hx 


, 


\ 
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The Uſe of this Table is as follows. 


1, |t is Requiſite that the Bung and Head 
Diameters,' the Cask Length , the whole 
Content, and the Dry and Wet Inches be 


/ all known, and then if the Queition be 


What is wanting , or what is Remaining 
in the Cath ! 


h | 5 
Divide accordingly either the Dry or 
Wet Inches by the Bung Diameter, and 
the Quotient ſeek in the Table under V, or 
Verſed Sine ; againſt it ſtands a Number, 
which multiplyed by the whole Content 
exhibits the vacuity, if your Dividend were 
thedry Inches; or ſhews the Remaining Li- 
quorylt your Dividend wedfe the wet Inches. 
Suppoſe the Bung Diameter 253, the Con- 
tent of the Cask 60 Gallons , and Dry 
Inches 7. 
Divide 7 by 28, by adding two Cyphers, 


7@g(25 
238 
2 


ſeek this 25 in the Table, over againſt it 
you find 1955, which Number multiply 
by the whole Content 60, fo is the Ullage 
or Wants,-11.73c0; cutting off the laſt 

G- 3 # +4 Figures. 


'# 


| wp.» | 


=_— 

| 726 Of Gauging. BOOK Il. 
4 Figures is 11 Gallons, and almoſt ? of 
a Gallon. 


iy 


Now if the Queſtion be, What Quantity of 


Liquor is remainmng inthis Cath? 


Divide the Wet Inches by the Bung Diz- | 
meter, that 1s 21 the Wet Inches by 28 
thus, 28 | 2100(75. Now againſt 75 in 
the Table you find 8045, which being mul- 
_— by 60 the whole Content of the 
CasKk 


aw, = n+ FT 


T'he Remaining Liquor is 48.2700 
The Wants was 11.7300 


| >———_— 


The "_ Contents. 60.0000 

Now if after Diviſion there happen a 

Remainder or Fraction, and that be above 

Half the Diviſor , I take the rext bigger 

Number : Orif it be leſs than half the Di- | 

viſor, I take the ſame Number which 1sin 
the Quotient. 


_——__ A&A aſt 4 fwd £m 


The Deſcription and Uſe f the G auging | 
Rule. | 


This Rule is commonly 4 Foot long, and 
is made todouble in 4 joints for conveni- 
ent Poi tage: Jt hath alſo 4 ſides, on which 
are drawn ſeveral Liges. I. There | 


| at or. oe a. ala a. od eds wot ew a.rioT fue 
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1. There are two Linescalled Diagonal, 


' the one for Ale, the other for Wine Mea- 


ſures ; Pur theend which is cut ſlope- ways 
in at the Bung-hole, and let 1t touch the 
bottom of the Head ; and the Number art. 
the Bung ſhews' the Ale or Wine Gallons 
reſpeQtively : This will give a very gdod 


eſtimate of the Content of all Cask in the 


form of a London Beer-Barrel, or the French 
Wine Hogſhead. 

2. On another ſide there is put ® Eine 
of Inches from 1 to 48, ezch Inch decimal- 
ly divided: And alſo npon the ſame ſide 
you have Oaghtred's Gauge Line, It being a. 
Line of one Thirds of Arca's of Circles in 
Wine Gallons, by which you may Gauge a 
Cask after this manner, | 

Pot your Rule downgt the Buny per- 


| xendicularly, obſerving what Number ap- 


pears juſt even with the inſide of the Cask,, 
fuppoſe it 75 : ſet that down twice, then 


- take the Diameter at. the Head, and let 


that ſhew you 6 upon the ſame Line, ſer 
that down to the former, add theſe three 
Numbers together, and multiply the Sum 
by the Cask length ſuppoſe 30, then cut off 


one place from the Produ& towards the 


Right Hand, and the Figures towards the 
left hand are your Number of Wine Gallons. 
contained in that Cask. | 


hs + 
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If your Diameter fall amongſt the Divi- 
lions between the Numbers, you muſt cut 
oft 2 places from-the Product. Example. 


Bung Diameter 71 2 

: "= 7 

Head Diameter 58 6 
Cn 200 20 

Cask Length. 30 30. Length. 


WO  ————— 


. 6 
_ Content 60.cC0 60.0 Content; 


3. On a third Face of this Rule is a Line 
of equal Parts numbred from one to 96 : 
This Line conſidered together with that 
, laſt before-mentioned , (wiz. Oughtred's 
| Gauge- Line) do =_ a 'Table of Area's of 
Circles in Ale-Gllons ; ; ſo that if youfind 
your- Diameter 19 this Line, turn up the 
other Face, and againſt your Diameter you 
ſhall have the Area of your Circle in Alc- 
Meaſure. As for Example. 

The Diameter of a Circle is, 19 Inches, 
the Area of that Circle upon the other 
edge in Ozghtred's line 1s alittle above one 
| Gallon, ſo the Diameter 30 Inches, the Area 
is 2.5 Gallons, ſo the Diameter 67 inches, 
it holds 12.5 Gallons upon one Inch of 
Depth. 

The uſe of theſe lines thus together h 

EO tne 
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the ſame with that of the Table .of Areas 


of Circle in Ale Gallons, pag. 124. * 
© 4> On the fourth ſide of this Rule 1s 


drawn a-line-of Numbers, valgarly called 


Gunters Line, being a Line of Logarithmes, 
whoſe uſe I have deſcribed In Inſtrumental 


Arithmetick). pag- 37» 38, 39, 40: Only." ; 


in this place take notice as toGauging, that- 
at: 17.2 you have a ſmall Braſs Pin,. where- 


' on to {et the foot of your Compaſles, and 


is called the Gauge point for Wine @@llons- 


' marked W. G. And another ſmall: Braſs 


Pin at almoſt 19 the Gauge point for: Ale 
Gallons, marked 4.G. by which they are: 
ealfily known, Now to Gauge a: Cask by. 
this line, you muſt firſt find the Diameter. 
at the Head and.Bung, and alſo the Casks 
length by the line ' of Inches :: Theſe being: 
had, find your Mean DiaFeter, by. adding 


. double the Bung Diameter, to once the. 


diameter at the Head, and divide their Sum: 
by 3, the Quotient take. for your Mean 
diameter - Then with your Comp aſſes ſer: 
one. foot in the Gauge point, whether it- 
be for Wine or Ale refpettively, and Ex= 
tend the other to the mean diameter upon 
your Line of: Numbers, and keeping the: 
pouots at that diſtance, ſet one foot at the- 
Number, expreſſing the Casks Length, and: 


from thence double the diſtance of the. feet- 
. of Compaſſs, exhibits the Content in Ale- 


Gs. gon. 
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or Wine Gallons reſfe&ively : As for Ex- 
ample, Bung diameter 27, Head, 

' 27 - diameter 24, Length 30 Inches, | 

27 the mean diameter will be 26, 
24 Which in Ale Gallons 57, in 
— Wine Gallons 69, and yaning 
78(26 the mean diameter of a Conica 

33 Tun(28-:)depth of Liquor (29) 

. TheQuantity of Ale Gallons will 
be found (63;) after the ſame manner, 
and ian Approximation near enough the 
Truth for common praftice. 

5- There ts alſo another Line that runs 
parallel with this Line of Numbers, and 1s | 
called a Line of Segments, but 1 do not like 
the Hypotheſis upon which it is framed; 
the way by the Table of Areas of Segments 
being more perfe& ; However it being up- 
on the Rule, 1 ſhall. ſhew you how to find 
the Ullage or wants in a Cask by this Line 
and the Line of Numbers. | | 

Suppoſe the Bung diameter 24 Inches, 
wet 18 inches. Content 50 Ale Gallons, 
What is the Ullage or Wants in this Cask! 

As 24 on the Line of Numbers is to Ra- 
dius on the Segments, ſo is (6) the dryt- 
ches on the Line of Numbers ta 17. 8 oft 
the Segments. Thenas Unity to 50 on the 
Line of Numbers, fo is 17.8 on the Nunt- 
bers to 8. 9 Ale Gallons, the wants requt 
Ted. So mich for Gauging, 

” CHAP. | 
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CHAP. XIV: 


OW beſides this kind: of meaſuring a: 


Triangle, by taking the whole Con- 
tent both-of a Superficial and Solid Trian- 


gle ;. There is another way of Meaſuring a: 
Friangle, or of finding the length of ſome- 
of its. 
Angles by other Sides and Angles given or- 


of its ſides, or the Quantity of 


known. 


For eyery Triangle conſiſting of 3 ſides. 


and 3 Angles, any 3. of theſe 6 parts being 


| known, the reſt may be eaſily found, either 


firſt Geometrically by ProtraCtion, pag. 85, 


86,87:Or Secondly, Aritymetically, by the: 
Rule of Proportion, as It is performed: 
Logarithmetically ; pag. 31, and Inſtru- 
mentally, pag. 41. This I call properly the: 


Reſolution of a Triangle,. or Trigono- 
metry. 


Many Learned Authors kave made this; 


Yery particular the ſubje&t of whole Books ,, 


as Petiſcius,, Norwood, and others ; But for 


my. preſent Purpoſe, I ſhall content my. ſelf 
with theſe following neceflary. Rules and 
Direttions,. which well applyed, contain.in 
thort the whole Art of Trigonometry: 
es Oo F 


—_ 


| 


EO 


TRIGONOMETRY. 
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» 


SECT. I. 


Firſt then, By Protraion, or by 
Scale and Compaſs, 


E 


© 


Having any 2 Angles and a Side sncluded 


or contained betwixt them, to find the other | 


Two Sides, and the Third Angle. 


A® ſuppoſe the Angles given in the fol- 
lowing Triangle were the right An- 
| gle at the Baſe go degrees, and the Angle 
, at the Hypothenuſe 3o degrees, and the 
Baſe included betwixt theſe two Angles 
400. To find the length of the Hypothe- 
" Wks nuſe, 


05 hy ns nt. ty 


F rd - / 


BOOK H. Of Trigonometry. 133 
 nuſe, and the length. of the Perpendicular, 
25alſo the third Angle at the Perpendi- 


er. -- ; 
Firſt, From a line of equal Parts take 


in your Compaſſes the Length ofthe Baſe © 


— 400, and drawing a Line at pleaſure, prick 
the faid diſtance upon the laid line : And 
at one end .of the Baſe protra&t an Angle 
of 30 degrees DE : At theother end of the 
faid Baſe protraCt another Angle of go de- 
* grees, as FG, anddrawing the perpegdicu- 
lar infinitely, and alſo the Hypothenuſe , 

where theſe two interſect, or cut one ano- 


ther, doth confine the length of both the - 


ſides meafured upon the ſame Line of equal 

Parts with your Compaſles; and alſo doth 
include the Third Angle ſought betwixt 
them, viz. 60 degrees. pu 


FEGC £4 $.: 


- Having Two Sides, and the Angle inclu- 
ded betwixt 'them, to find the other Twe 
Angles, and the Third Side. 


This you will find not to differ much 


from the former : Only firſt you muſt Pro- 
traCt the Angle, drawing the ſides infinite- 
| ly, and afterwards from the Angular point 
prick out either way their Exa& Length, 
and from thoſe Points draw the third ſide , 

MO ""M which 
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which will include at either end the Two.| ,, 
Angles ſought. : of 


P ROB " E. * . fr 
Having the Three ſides given , to find the| + 
Three Angles of any Right Lined Triangle, | + 


Firſt, Take the diſtance of the longeſt | 14 
fide in your Compaſles, and from any pojdt 
as A, with that ſame diſtance draw at | © 
Arch Ef a Circle H I ;. then take the ſide | 


: 3 
= —— ; | | 
- DO i 
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next the longeſt, and from the ſame point | 
draw anothex Arch K L, Laſtly, = 
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'| any point in one of theſe Arches, to any 
other point in the other Arch,' prick the 
length of the Third ſide, and drawing Lines 
from theſe three points from one to ano- 
| ther, theſe Lines or Sides will include the 
| three Angles required, A. B. C. A contain- 
ing 30 degrees, B 90 degrees, and C 60 
degrees. | 
This way of finding Sides and Angles by 
Geometry or ProtraCftion, though it is not 
ſo exact as by Arithmerical Operatic ; yet 
itis ſufficient for ordinary Ulſe, and of all 
other; both the moſt eaſie and demonſtra- 
tive, and alſo the moſt pleaſant and de- 
lightful. * : 
Note, That in every right Angled Tri- 
_ angle, if you have one of the acute Angles 
given, the other is alſo ggren, becauſe it is 
the complement thereof to 90 degrees as 
the complement of 30 is 60. Allo, if in 
any right Lin'd Triangle whatſoever you 
have any two of the Angles given, you have 
alſo the third Angle given, becauſe the three 
|, Angles of any right lin'd Triangle, isequal 
to aSemicircle, or 180 degrees. | 


— 


'Þ + -+ oe of 


But in the Second Place, by ſome ſides or Aj 
les of a. Triangle given, to find the Reſt 


which 1s properly the Reſolution of a Trian 
gle) is the moſt exattly performed by Arith. 


metick. 
2 © © AYE 


Firſt, By Common Arithmetich, Sides 
may be found by theſe Rules. 


The Square'of the Baſe and'Perpendicu- 
lar is equal to the Square of the Hypothe- 
nuſe: As ſuppoſe the Baſe to be 4, the 
Square of 4 is 16; then ſuppoſe the per- 
pendicular 3, th&Square of 3 is 9; theſe 2 
Numbers added together is 25 : Now the. 
Hypothenuſe being 5, the Square of 5 is 
alſo 25. Likewiſe having the Hypothenuſe, 
and one of the other ſides, you may find 
the other ſide : As ſuppoſe the Hypothenuſe 


5,the Square of which is 25 ; as 5 multiply- } 
ed by 5 18 25 : Then ſuppoſetthe other fide | 


given be the Baſe 4, the Square of that mul- 
tiplyed in itſelf is 16 : This being dedw 
&ted ſrom the Square of the Hypothenuſ 
25, there Reſts 9, which is the Square of 


- the perpendicular 3: The ſame Rule to be | 


6 obſer- 
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obſerved if the Perpendicular had been 
given, and the Baſe required. 


SS 3A C3. > 


Having ſhewed you how to find Sides by 
Common Arithmetick, 1 ſhall proceed to ſhew 
you, How both Sides and Angles may be 
found by Logarithmetical and Inſtrumental 
Arithmetick by theſe following Rules. The 
firſt is more particular for Right angled 
Triangles only, the other two more ge- 
neral for all plain Triangles whatſoever. 


LY Lo 8 t 


I. Farſt then, baving Two Sides, and a Right 
Angle betwixt them givep, To find either of 
the Two Angles, and the 1hird ſide. The 


Proportion is, 


As the greater ſide given 1s to the leſſer 
ſide, ſo is the Tangent of 45 degrees to* 
the Tangent of the leſſer Angle, and its 


. Complement to go is the greater Angle: 
As for Example, in the former Triangle, 


Pag. . 134. : The Baſe being given 400, and 
the-perpendicular 231, and the Right An- 
gle go contained betwixt them + Then 


. tay by Logarithmes, as the Logarithme of 
400 1s to. the Logarithme of 231, ſo is the 


®* Tangent 
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Tangent of 45 to the Tangent of the lef] T 
ſer Angle, (viz. 30 degrees) which dedw| fo 
cted from go, leaves 60 degrees for the} þi 
other Angle: This is done by working by] 6 
the Rule of Three in Logarithmes, as Is taught) t1 
page 31, but I ſhall give you another Ex & 
ample in this place. ti 


If 400 give 231, what gives Tangent 4? 
The Logarithme of 400 is 2.602055 


| ———_— 


The Logatithme of 231 is 2.363612] 8 
..» The Tangent of 45 is 10.000000| ; 
Theſe 2 added together is 12.363612 t 
From whence dedudt the firſt 2.602059] I 


=_ 7: OS der 
Reſts the Tangent of 30 deg. 9.961553 


for the leſſer Angle : The complement| 
whereof to go degrees, is 60 the greater 
Angle. | 


The fame may be done by Inftrumetita 
Arithmetick, or the Lines of Numbers and 
Tangents by the Rule of Three upon thoſt 
Lines as is: taught pag. 41 ; but I ſhall hettþ 
add this Example more , Extend the Cor 
pm from 400, to 231 inthe Line of Nui 

rs, the ſameExtent upon the Line of 
'Tangents 


AE =p @t Oo © tt] 
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f] Tangents will reach from 45 to 30 degrees 
þ| for the lefſer Angle: the greater Angle 
being its complement to go degrees, viz. 
60: And the two Angles found, and the 
two fides given, you may eaſily find the 
third fide by the Rule in Common Arithme- 
zick, pag. 136, or by the third Rule follow- 
ing, to which Ireter you. 


ZD &&- 3. 


| The cond Rule for reſolving of a Tri- 
| angle is more general than the former, be-. 
| cauſe it reſolves not only a right angled 
| Triangle, but alſo an Acute, and an Ob- 
tuſe Angled Triangle, that is any Right 
Lin'd Triangle whatſoever, and it is this. 


| z | 
As the Sum of two of the ſides is to the diffe- 
rence of the ſame ſides , ſo 1s the Tan- 
gent of balf the Sum of the oppoſite Angles 

to the Tangent of half their diff erence. 


— WhichlI ſhall more fully explain by this 
Example, As _ two ſides to be given, 
and any Angle betwixt them, to find either 
of the other Angles: Firſt, Add the ſides 
- together, which ſuppoſe 303 and 176 makes 
479: And Secondly , Subſtra&t the one 
from the other, their difference is 127. Now 
\uproſe the Angle given to bey 10 4. 30 =» 

Take 
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Take the complement thereof to 180, which] 


is 69 d. 3024. and this is the Sum of the? 
unknown Angles, (becanſe every right lin 
Friangle is equal to 2 right Angles, or 189 
degrees.) Now the half of this 694. 30 m.i 
344d.45m.this being done,the Proportions, 

As the Logarithme of the whole Sum 479 
is to the Logarithme of the difference 127, 
ſo is the Tangent of the half Sum of the 
two unknown Angles , viz. 34 d. 45 m, 
To the Tangent. of half the difference be 

tween the ſaid Angles, viz. 10d. 25 m.. 


For the faid 10 4. 25 mm. being added to| 


the half Sum (34 4. 45 mn.) the Sum will 
be 45 d. 10m. the quantity of the bigger 
Angle; and being ſubſtrafted from the fame, 
will ſhew the Quantity: of the leſſer Angle; 
VIZ. 24 d, 2,0 m. ay | 
The Proporti&a may be wrought. either 


by the Rule of Three in Logarithmetical;or] 


by the Lines of Numbers and Tangents in 
Inſtrumental £rithmetick, pag. 31. and 41. 


KL i 5 3. TIS 
The third General Rule , which 1s the 
laſt, I ſhall lay down, but not the leaſt, 1s 
the moſt general of all the reſt, and indeed 
may ſerve inſtead of all ; and by me has hee! 
accounted even all in all ; inſomuch as! 
once thought to have given no other, and 


but only for varieties ſake there 1s no = 
C | " able 


—_—_—_ 
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| abſolutely neceſſary, which for its excellen- 


cy deſerves tobe writ-in Letters of Gold, 
which together with the Golden Rule or 
Rule of Three, as it is wrought and per- 
formed by Logarithmes, pag. 31, and by 
the tines of Numbers, Sines and Tangents, 
pag. 41, 18; ſufficiently able to do.whatſoe- 
ver is neceſſary in Trigonometry, which 
take as- follows. 

In all Triangles whatſoever, every ſide is 
proportional to its oppoſite Angle, and 


| every Angle to its oppoſite {ide: And fur- 


ther, as the Angle oppoſite to one ſide is 
to the Angle oppoſite to. the other ſide, 1 
is the ſides themſelves to' one another, & e 
contra, the ſides are to the Angles. . 

As for Example in the Triangle, pag.134. 
As the Angle A 30 4. is:20 the perpendi- 
cular 231, To is the Angle C 694. to the 


Baſe 400, and ſo is the Radius or. the right 


Angle 90 4.'to the, Hypothenuſe 462, & 
contra , ſo that there needs no more but ha- 
ving any Three of the ſix parts of a Tri- 
angle given, any one, or every one of the 
reſt may be found out-by:the Rule of Pro- 
portion, as ix is performed byLogarithmes, 
Pag. 31. or by the Lines of Numbers, Sines, 
and -Tangents, paz, 41- though the Rule 
of Proportion in Common Arithmetick will 
not doitin Common Numbers, that is, will 
not find-Angles.How to find Sides by Com- 
on mon 


mon Arithmetick is taught before, pag. 136, 
But by Logarithmes or theLines you may 
find not only Sides, but Angles allo : Tak- 
ing this obſervation along with you, That 
when you meet.with an Obtuſe Angle, tg 
find its oppoſite fide, you myſt work hy 
its complement to 180, which being uſe 
inftead of the Angle it ſelf,. will effe& the 
fame thing in every reſpe&t. As to give 
an example in the Obtuſe Angled Triangle 
QRS@whoſe Angle at Q is obtuſe, being 
1104. 30m. the Angle R 45 d. 10m. the 
Angle S 24 4. 20m. the ſide RS. oppoſite 
to the obtuſe Angle 1s 409 , the ſide Qs, 
303 oppolite to the Angle R; The fide QR 
176 oppoſite to the Angles, ſo the propor- 
tions ſtand thus, 

As 24-d.20. mn. the Angle at S is to 176,{0 
is 69 4.30.2.(the Complement of 1 104.30m, 
to 180) to 400: Ando is 454. 10m. to 
303, & e contra: Therefore ſay by the 
Rule of proportion,either by Logarithmey 
or by Lines : = 


2400 
If 244, 20 ms. give 196, what gives 694 
30 mm, Or45 4. 10 72, to find the ſides. _ 
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If 176 give 24.4. 20 mm. 'What gives 409, 
or 503 to find the Angles: fee gag. 31 and 
41, where you have the way of working 
theſe, arany ſuch like proportions by the 
Rule .of I hree, elther in Logarithmes, OT 
by the Lines. | 


(_—_— 


CHAP. XV. 


" 

Hes now handled the three princi- 
pal Geometrical Fignres , the Crrcle, 
Square, and Triangle ; how they are Produ- 
ced, Reduced, and Meaſured themſelves ; 
and conſequently all other Figures .or Bo- 
dies by their Rules; To conclude, What 
I have to-fay in reference to Geometry in 
general, ſhall be to ſhew/ you the ſeveral 
excellent uſes of Mr. Gamers Seftor, which 
being properly Geometrical , I reſerved for 
this place, to ſhut up general Geometry. 


S863 Þ 
Eft then, To ſrew the Ground of the Seftor. 


Let AB, AC repreſent the Legs of the 
Sector : Then ſeeing theſe two, AB, AC 
Are equal, and their Seftions AD, AE alſo 
equal; they ſhall be cut proportionably, aut 
| | Es. FJ 


144 
if we draw the Lines BC, DE, they will 


be parallel. by the Second Prob. 6 Book of | 


Exclia, and fo the Triangles ABC, ADE 
ſhall be equiangled, by reaſon of the Com- 
mon Angle at A, and the equal Angles at the 

Baſe, and therefore ſhall have the ſides pro- 


Wo. 


portional about thoſe equal angles, by the 
fourth Prob 1ib.6. Euclid. Again the ſide AD 


ſhall be to the figs AB as the Baſe DE unto| 


the parallel Baſe BC,and by Converſion AB 
ſhall be unto AD, as BC unto DE. And by 
permutation AD ſhall be unto DE, as AB 


to BC, &c. fo that if AD be the fourth] 


part of the ſide, AB, then DE fhall be the 
fourth part of his parallel Baſis. BC,thelike 
reaſon holdeth in all other Se&tions. And 


by the way, to underſtand: the generalaid|. 


and uſe of the Sefor, it is to. perform tht 
ſame by Lines, which Arithmetick doe 
by Numbers, as I ſhall ſhew you particular- 
ly : Now theſe lines which are found out by 
the Sector, pre of two forts : Either firll 
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B 


Lateral, | 


LU 
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| Lateral (or ſach as are found upon the ſides 


ed 


of the Sector) as are the Lines, AB, AC : 
Or Secondly, Parallel ſuch as are the lines 
CB, DE from one ſide of the Seftor to the 
other in its parallel points. 

Having premiſed thus much in general, 


1 ſhall ſhew you in particular the ſeveral uſes 


of the Settor. 

Now you. muſt underſtand that (beſides 
the Lines of Numbers, Sines, and Tangents 
upon the outward edge of the Sector, and a 


foot divided into 12 inches; as alſo ano- 


_ therline of equal parts, or a foot divided 


into-100, or to be ſuppoſed rooo parts up- 
on the Inner edge of the Sector.) There are 


| theſe ſeveral Lines upon the SeCtor it ſelf. 


alſo the 2 laſt 


2. Aline of Lines. 
3. ALineof Saperticics, 
4+. A Line of Sol:ds. 


are the princi- 


Theſe four, as & 1. A Line of Sines. 
pal Lines. ; 


Theſe s Lines  $. The Line of Quadrature. 


| are {eſs princi- Y 6. The Line of Segments, 


pal, and forg 5. The Line of inicribed Bodies. 
particular 8. The Line of Equated Bodies. 
Uſes. 9, TheLine of metrals. 


. The other twoF ro. The Meridian Line. 


Principal Lines. 2 Laſtly, The Tangent Line. 


And of theſe in the ſame order I here 
Rank or Reckon them , and firſt of the 
firſt (to wit) The Line of Siges. 

: H SECT. 
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FETCH, 2 
The Line of Sines. 


1. ToProtrat Angles by a Line of Right 
Sines is taight pag. 87, 88. And to avoid 


Tautology I ſhall not here repeat It, bit] 


refer the Reader thereunto, being one ex- 
cellent uſe of this Line. 


2.Clfthe Radius of a Circle be the fame} 


with the Lateral Radius or Semiradius of 
the Sector, the. reſpeCtive ſeveral Sines are 
the ſame as 1n this Line of Sines : But if it 
be either greater or leſſer, ſet over thegi- 


ven Radius in the Line of Sines betwixt gof 
and go, ard the Parallel Sines all along are} 


the rizht Sines to the ſame Radins ; and 
hereby you may Givide any Lirie given, 251 


Line of Sines ; And by the ſame Rule an 


.line being given, you may find the Radits 


thereof, by making it a Parallel Sine in it} 


| 


reſpective Number, the Radius will be bt 
Liwixt go and yo. 
3. Tofind the Chord of any Ark, ob 


ſerve that the Right Sine of the ſame Al} - 
is half the Chord required ; as the Sinedff 
10 is the-Chord of 20, the Sine of 20 | 
the Chord of 40, &c. all along. The Ri, 
dius or 6o degrees of a Line of Chords be 


ing ſt over as a Parallel betwixt 30 andB $ 
..0I} 


G—_— 


'» 
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of the Line of Sines upon the Seftor, mark 
this well. - 
.' 4. To find the verſed Sineof any Ark. 
\ If you reckon from 90 at the end of the 
Seftor to 80 towards the Center, that di- 
Nance is the verſed Sine 10; from go of 
to 70 the verſed ſine of 20, and fo of 
the reſt. if the verſed Sine required -exceeq 
a Quadrant, as ſuppoſe 130 deggees, Firſt, 
-" Take'the whole Radzins, and as mawy de- 
grees as it is above.g0, (as in this Example 
it is 40) add thereunto from the end of the 
Seftor towards the Center, 


EAST 3 
Of the Line of Lanes. 


This ſerves for a Line $f equal parts up- 
' onany occaſion, as they are numbred on the 
lides of the Seftor, if the Radius be the 
fame with the Lateral Radius. But if you 
would divide any other Line given into 
equal parts, ferit over asa Parallel Radi- 
us betwixt 100 and 1co, and'the Parallel 
_ diſtances ſhall divide the ſame given Line in- 
to the ſame equal parts, according to the 
 *. Humber which the points of your Compaſ- 
les do ſtzy upon : As if you would take or 
mark out 40 of thoſe parts, the parallel 


{. diſtance betwixt 40 and 40 markt out upon 


| the Line given, is 40 of the ſaid parts, and 
fo of the reſt. © H2 Or, 


= 
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- Or, Suppoſe the Line B were to be di- 
vided into 5 parts, Firſt, I take the LineB 
betwixt the Compalſles, and to 1t open the 


B C 
1 f 


T 


SeCtor 1n the point 5 and 5, fo the parallel | 
between the point 1 and 1 doth give methe 
Line ®C, which dothdivide the fame into 
the parts required. 


PROB L. I. 


To increaſe or Diminiſh a Line in a given 
Proportion. 


As let A bea line given to be increaſed in 
the proportion, as 3 to5. Firſt, I take 
the line A in the Compaſſes, and open the 
SeQor till the points of the Compaſſes do 
reach juſt between 3 and 3 on the ſides of 
the Seftor; ſo the Parallel between the . 
Points 5 and 5 doth give me the Line B, 
which was required. In like manner, if B 
were to be diminiſhed as5 to 3, Firſt, ſt 
over Bbetwixt 5 and 5, and its parallel be- 
twixt 3 and 3 gives you A diminiſhed as 5 
tO 3, | 


PROBL, 
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To find a proportion betwixt two or more 
rioht Lines given. 


Take the greater Line given, and accor- 
ding to it open the Se&oy in the Points of 
100 and 100; then take the leſſer Lines 
ſeyerally, and carry them parallel to the 
greater till they ſtay in like points ; Ao the 
number of Points wherein they ſtay ſhall 
ſhew their Proportion to 100, 1o the line 
Bisin Proportion to A, as 100 tv 60, and 
AtoB, as60 to 190. 


FAUS 6 6 


Two Lines given, to find a Third in con- 
 tinunl Proportion, 


 Takethetwo Lines or Numbers given » 
and ſet them upon both ſides of the Line of 
Lines(or equal Parts) from the Center, and 
Mark the Terms to which either of them 
.extendeth ; as ſuppoſe the Line C 18, and 
D 24 were the Lines or Numbers given. 
Meaſure with your Compaſſes the ſecond 
LineD 24, and open the Sefor at that di.- 
ſtance in the Terms of the firſt Line or 
Number C, and ſo keep the Sector at this 
Mz * - 
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Angle. The Parallel diſtance between the 
Terms of the ſecond Lateral Number or 


Line (24) being meaſured inthe ſame. Scale 
from whence his Parallel was taken, will 
give the third nufiber proportional, vx, 
the Line E, containing 32 of the ſame equal |. 
parts. 


PROUD 6, 4 


Three Lines or Numbers being given, to | 
find a Fourth, 


Let the Lines given be A 4o, B50, C co, 
and the Queſticn be this, If 40 Moneths 
give 501. What ſhall 60 Moneths give? - | 

T his you ſee is perſetly the Rule of 3, | 

; C; » ; in 


% 
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in the ſolution whereof a principal uſe of 
the Sedfor doth conſit. | 

. The firſt and third Lines or Numbers. 
(viz. A.'49. C 60.) mult be placed on both 
tides the Sedor from the Cemer , and with 
the ſecond, viz. B 5. opcn.the Seder in the. 
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Terms of the firſt, viz. A 40. And the 
Parallel diſtance between the terms of the 
third, viz. C. 60, ſhall be the fourth pro- 
portional; to wit 75, as in the Example ; 
and this1s called Lateral entrance. 
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But if you would enter with a Parallel,do 
' thus. Firſt, with the firſt Line or Number 

A4o0-in your Compaſlles open the Sefor to 
that diſtance in the terms of the Second, 
viz. B, oO ( or make it the diſtance between 
50 and 50 on the ſides of the Seftor.) Then 
take with your Compalles the third Line 


- or Number C60, and with that diſtance - 


obſerve where the Points of the Compaſſes 
do ſtay in the Parallels, and that is the 
fourth proportional, which you wg] find 
| 75, as before. | 


FECT 4 


The Uſe of the Line of Lines, together with: 
the Line of Sines, may be theſe. 


PROMDS x 


I TRIGONOMETRY 


Any Two Sides and an Angle included given, 
ro find the Third Side. 


Let.the Sedor be opened to the Angle pgi- 
ren (304,) andobſerving the length of ei-- 
; therſide upon the ſides of the SeCtor in the: 
| Line of Lines, the pacallel diſtance. from 


&*® 5 
© as + 


one pounit to the other, where the ſides of /;-;.. 
ins 3c Triangle terminate, doth give th Tide; 
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required. As ſuppoſe the Baſe of the Tri- 
* angle pag. 134, be one ſide given, viz. . 400, 
the Hypothenuſe the other ſide 462, the 


Angle included 3o at A, you will find the | 


diſtance with the Compaſles from 400, to 
462 to 5e 231 the fide required. 


of 5 3 
Three (ides being given, to find an Angle. 


LePthe two containing ſides be laid on 
the Lines of the Setorfrom the Center one 
on oneliney and the.other on the other; 
and let the third ſide which is oppoſite to 
the Angle required be fitted over in the 
termes of the other two ; ſo ſhall the Se- 
_ Gor beopened in thoſe Lines to the Quantity 
of the Angle reqgred. As for Example in 
the before-mentioned Triangle, pag. 134. 
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' the diſtance 231, the Angle at the |. 
Center will be found 30 d. Or ſup- | 
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. Having one of the containing ſides , . 
400 upon one ſide of the Sector, and F * 


462 on the other, and ſetting thele at- | 


poſe one {ide 72 in the Line of Lines, 
the other 54, and fit the oppoſite fide 
(to the Angle required) over vetween 


'72and54; then with your Compaſſes] 


meaſure the diſtance betwixt 50 and 50 
in the ſame Line of Lines, and the ſame 
diſtance meaſared in the Line of Sin®- 
ſhall ſhew half the quantity of the An-. 
gle required, | 


Lines, and fer it over from 100 to 75. 
This done, I take the diſgince between 
50 and $50, and mealuring it. in the. 
Line of Sines, I find it tobe $8 4.. $ n. 


the double whereof 1s. 16 d, .16 m.- |: 


ern 0” ay 


- As ſuppoſe the three files given be- E 
AD 100, AC 75, AB 35. I might take | * 
35 for the {ide CDoat of the Line of of _ 


: 
o 

[ 

. 

' 
: 

s 
| 


the argle required... Dy... 


+3 CZ. 3c 


The. Uſe of the Line of Lines, together-with > 
re Line of Sines#n Navigation, ſee in.its. « 


prefer place,, That is, _ 


Lt. To know how many Leagnes-doan- - - 
| £ {wer 


| 
1 
| 
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ſwer to a Degree of Longitude in every 
ſeveral Latitude. 

2. To know how many Leagues do an- 
ſwer to a Degree of Latitude in every ſe- 
veral Rhumb, 'Yide ut ſupra. 


SECS Þ 


The Uſe of the Line of Lines, together with 
the Line of Superficies in E trailing the 
SgHare Root, 


1. The Line of Superficies is faid to be 
dividd into 1co parts; therefore hath up- 
on it twice the Figure 1, the former fig- 
nifying Units, the latter Tens in that re- 
ſpect of the Line being divided into 1009 
parts. 

2, Obſerve, If tf Number, whoſe Square 
Root you deſire, confilt of even Figures, as 

2, 4z 6, 8 Figures, or the like, the Num- 
ber gtven ſhall fall out between the tenth 
divilionand the end'of the Sector, (or which 
is all one) between the latter Fignre of 1, 
and theend ofthe SeCtor : But if the Num- 
ber) whoſe Square Root you deſire ) be 
odd, that is 14 32 $2.7 Figures, Or the like, 
the Number given ſhall fall (or muſt be 
meaſured (between the Center of the Sedtor, 


' and the Tenth Diviſion. 


y Ws 7, Se 
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3. Theſe being obſerved, ſet'one foot of 
your Compaſſes in the Center, extend the 
other to the Term of the Number given 
in one of the Lines of Superficies, (which 
ſuppoſe 36.) The ſame diſtance applyed 
to one of the Line of Lines, ſhall find 6 
for the Square Root. 

Likewiſe to Square a Number given, firſt 
Extend the Compaſles upon the Line of 
Lines to the Number you would Square' (as 
ſuppoſe 6,) and apply the ſame diſtaggce to 
_ Line of Superficies, will give $6) as 
before. 


HER 


By the Line of Lines, and Solids, to find 
BR” the Cube Root. 
.v 


In finding a Cube Root of a Number 
given, prick the firſt Figure, and after 
that every third Figure from the right 
hand to theleft; and if the laſt prick to 
the left hand fall under the laſt Figure, the 
Namber given ſhall be reckoned at the be- 
ginning of the Line of Solids, from the 
Center to the firſt 1, and the firſt Figure of * 
the Root. ſhall be alwaies either 1 or 2. 
©, If thelafſt prick fall under the laſt Fi- 
gure but One, Then the Number given 
fhall be reckoned from the Center to the 
. Kcond 
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ſecond 1, and the firſt Figure of the Root 
fhall be alwaies either 2, 3, or 4. | 

But if the laſt prick fall under the laſt 
Figure but two, then the Number given 
ſhall be reckoned from the Center between 
the laſt Figure of one, and the end of the 
Seftor : For you muſt know, as the Line of 
Superficies 1s' ſuppoſed to be divided into 
100 parts, and ſo having 2 Figures of i | 

> upon it, the firſt ſignifying Units, the ſe- 

cond Tens ; 10 the Line of Solids is ſuppo- 
ſd-tofe divided into- 1000 parts, and hath 
three Figures of one upon it, 'the firſt ſig- 
nifying Units, the ſecond Tens , and the 
Third Hundreds ; ſo that according to this 
Diviſion the whole Line is 1000 as before. 
Theſe things being obſerved, the Rule for 
finding the Cube Root is this: if 

Set one Foot og your Compaſſes in the | 
Center of the Sefor; Extend the other in 
the Line of Solids to the point of the Num- 
ber given according to the Rules before 
given: This diſtance applyed to the Line 
of Lines, ſhall ſhew the Cube Root of that 
Number. | | 

Or to Cube a Number”, Firſt, Extend. 
the Compaſles upon the Line of Lines 3 and | 
then meaſure the ſame diſtance upon the 
Line of Solids, it will give you the Cube 
Number of a Cube Root given. 7 
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If the Reader deſire further concerning 


theſe two laſt propoſitions of finding the . 


Square and Cube Root by the Sedor, I re- 
fer him to Gunter himſelf upon this Subject. 


-FR.CT. 7. 


Of the Lone of  Superficies alone or ſingle: As 


alſo the Line of Soltas alone or ſwngle.. » 
Obſerve firſt, That the Line of Super- 


- Ficies and Solids do ſerve to find PrOporti- 


ons betwixt Square and Cubique Bodies : 
Asthe Line of equal parts do betwixt lines 


(from thence called properly the Line of - 


Lines) therefore the ſame Rules may in a 
nganner ſerve. for theſe which are given for 
the other right applyed, mutatis mut andis. 


Secondly obſerve , Shat whatſoever is. 


ſaid concerning Superficies, the' very ſame 
Rules ſerve for -Solids, only that they are 
wrought upon different Lines. Therefore 
to avoid Repetition , obſerve to- apply 
theſe Rules given for Superficies to Solids 
alſo, mutatis mutands as I faid before. 


PROBL, 


£ 
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Therefore to proceed to find a . Proportion be- | 


tween two or more like Superficies (as is be- 
fore done in Lines,) do thus, 


Take one of the' ſides of the oreater Su- 
perficies, and according to the ſaid {ide gi- 
ven open the Settor in the points of 100 


and 190, then take the like lide of the leſ: - 
ſer Superficies, and carry It parallel to the 


former, till they ſtay in like Points, fo the 
Number of Points wherein they ſtay ſhall 
ſhew the proportion to 1co inthe Linesof 
Superficies: As for Example, Let A and B 
be the fides of like Superficies.Firſt, 1 take 
the ſide A in the Compaſles, and to that 
diſtance open theGettor 1n the points of 
100 and 100: Then keeping the Seftor 
to that Angle, I enter the leſler ſide B pa- 
ralle] to the former, and find it to croſs 
the Lines of Superficies in the point 40 and 
40, therefore the Proportion of the Su- 
perficies, whoſe ſide is A, to that whoſe 
ſide is B, 1s as 100 to 40, or inlefler Num- 
bers, as 5 to 2. This Propoſition may al- 
{o be wrought by 60, or any other Num- 
ber that admits ſeveral Divilions. 


It may alſo be wrought without opening 
the Sector, for if the ſides of the Superkgt 


| 
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cies given beapplyed to the Lines of Superfi- 


| cies, beginning alwaies at the Center of the 


Sector » There will be ſuch proportion 


" | found between them, as between the Num- 


ber of parts whereon they fall. 

What is ſaid of Superfictes, the like is to 
be underſtood of Solids wrought upon t:.zir 
own Lines. 

PROD#L. 23. 

To Angment or Diminiſh a Superficies in 4 gi- 
ven proportion, or (which is the ſars) To 
add one Superficies to another, or ſubſtratt one 
from another, will be all underſtood by this 
Example following, 


Suppoſe A and B were the ſides of two 
Squares, or the Diameters of 2 Circles, and 
It were required to makea third Square or 
Circle equal to them both. 

Firſt, The proportion between A and 
B will be found tobe as 100 to 40, or in 
leſſer numbers, as 5 to 2; then becauſe 5 
and 2 added together make 7, I avgment 
the ſide A in proportion of 5 to 7, and 
produce the fide C, on which if I make a 


Abo—— F..y 


Square, or make it the Diameter of a Cir- 
cle, the ſaid Square or Circle ſhall be equal 


4 £0 Toth the Squares of A and B, or to two 
ff © _- Circles 
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| the Line AA, and put it over in the 
Lines of- Superficies between 4 and 41 


id 


3, {0 it muſt be diminiſhed in proper- 
tion of 5 $0 3, which is D. 


- - a0 


To find a Mean proportional between 2 

a Lines,which may be ſuppoſed the ſides of 
a Square, or Diameters of a Circle, and 
thereby t6 find jeveral Corollaries. 


Suppoſe the Lines given be A A and. 
- AQ. Firſt find the proportion betwixt 
them as they are Lines as 1s taught | 
| 249+ 60. which will be found to be as4 


- 
E 


to 9, wherefFre 1 take the Line AG 
and put it 'over to the Lines of Super- 


ficies between 9 and 9, and keep- | 


11g the Sector at this Angle, his Paral- 
lel between 4 and 4, gives me A B 
for the mean Proportional : Or take 


and its Parallel between 9 and 9, will 
give AB for a Mean Proportional 
which upon the ſame Scale of equal 
Parts will be founds ; foras 4 1s to 6» | 
fois6 to 9, \ 


Of the Sefor. BOOK 11.| B 


Circles made npon their Diameters,* which 
_ was thething required. To ſubſtratt one | 
Afrom another is after the {ame man- 
TT ner, as from 5 take 2, the Remainder is 


« | | UVport 
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Upon finding out this Mean Proportional de- 
pend many Corollaries, eſpecially theſe fol- 
lowing. 


Firſt to make a Square equal to any Su- 


| perficies given. 


As a mean proportional between the un- 
equal ſides of a Parallelogram ( or long 
Square :) or a mean proportional between 
half the Baſe, and the perpendiculargof a '' 
Triangle ſhall be the ſide of a Geometrical 
Square equal to either of theſe in ſuperfi- 


| cial Content. And if it be any, other right- 


Lin'd Figure; It may be reſolved into Tci- 
angles, and ſoa ſide of a Square found equal 


. to every Triangle, and: theſe reduced to 


one equal Square, 1t ſhall be equal to the 


whole Right-Lin'd Figur# given. 


Secondly, To find a Proportion between 


| ſeveral Superficies though unlike to one 


another. | 

As for Example, The Oblong A, and the 
Triangle-B are Superficies unlike to one 
another, therefore to find a Proportion 
between theſe. | 

Firſt, Between the ſides of A, viz. 20, 
and 25, 1 find a mean proportional, as C. 
This is the fide of a Square equal to A, then 
between the perpendicular of the Trian- 
gle B, and half his Baſe, I find a mean pro- 
+ portional; 
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portional, viz. D. This is the ſide of': 


Square equal to B, 


(>, 
| 
YE. 2». 


" FIN 
'Di AX 4 


25 


But the proportion between the Squares | 


of C and D will by the Rule for it pag. 160 


be found to be as 5 is to 4, vide the Ruleit Þ. 


ſelf. 3 
Thirdly to make a Superficies like to 

one Syperficies, and equal to another, 
Let one be the Triangle A, the, other 

the Rhomboides B, Firſt, -between the 


Perpendicular and the Baſe of B I finda 


mean proportional ; and note it in B, as the 
{ide of a Square equal to B the Rhomboides. 


Then between the perpendicular and half | 
the Baſe of the Triangle A finda mean pro- | 


portional, and note it in A as the ſide of his 
equal Square. 
Wherefore as the ſquared ſide of B is to 


the ſquared fide of A, ſo ſhall the longer . 


ſide 
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2] fide of the Rhomboides given AB be to the 


longer {ide of theRhomboides required,viz. 
C; and fo ſhall the ſhorter fide of the 


| Rhomboides given AD be to the ſhorter 
| Ide of the Rhomboides required, viz. D. 
And ſo ſhall the perpendicular of the Rhom- 
boides given AC be to the perpendicular of 
the Rhomboides required, viz. E. and ha- 

| 9.” 
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.ving the ſides and perpendicular, you may 
frame the Rhomboides up, and it will be 
equal to the Triangle A , which was the 
thing required. | 

And becauſe here is mention made of pro. 
tracting or framing up a Rhomboides, ha- 
ving the longer ſide, ſhorter fide, and per- 


pendicular given, I ſhall here ſhew you how | 


to doit. | 
Firſt then, Draw tkelength of the lon-' 


ger Me, or the Line AB in the former Ex- Þ 


ample. And then taking the Length of the 
ſhorter ſide in your Compalſles, ſetting one ' 
foot in B, draw an Arch ofa Circle 46, as 


alſo ſetting one foot of your Compaſſes in |. 
A, draw the Arche d, Then take the length | | 
of the perpendicular in your Compaſles,and | 


ſetting one foot gn B, again draw the Arch } 
e f. and removing to A, draw the other 
Arch g h. Theſe 4 Arches being drawn,.! 
lay your Ruler ſo as juſt to tonch the Ar- 


chese fand gh, and draw a parallel Line | 


from the point D, where the Ruler croſſes | 
the Arch cd, to the point E, where the 
Ruler will croſs'the Arch ab; and laſtly 
from the point Ddraw the Line D A, and | 
from the point E draw the Line E B, and 


let fall the perpendicular AC from the point | 
A, ſo will you have a Rhomboides as was. | - 


required, 


Ye I GI _ 


7 SECT. | 


BOOK II. - ' Of "the Sedor. 


167 
£FTCTTr- 4: 
Of the Lines of Quadrature. _ 


The Lines of Quadrature may be known 


upon the Seftor by the Letter Q, and by 
. their place between the Lines of Sines. 


Q lignifies the ſide of a Square, 5 the ſide 


of a Pentagon, with 5 equal ſides, 6 of an 


Hexagon, that is, a Figure with 6 Rqual 


ſides, and fo 5 for the ſide of an Hepta- 


g0n, 8 of an Octagon, 9 ofa Nonagon,@c. 
S ſtands for the Semidiameter of a Circle, 
and go for a line equal to go' degrees in 


I- the Circamference of the ſame Circle. 


PROBI, 


I: 
| The uſe of theſe Lines may bo to make a Square 


equal to a Circle given, or to make a Circle” 
equal to a Square gruen, 


[If the Circle be given,take his Semidiame- 
ter, and to it open the SeCtor in the points 
at Sz ſo the parallel taken from between 


| the points at Q, ſhall be the ſide of the 


Square required: Or if the Square be given; 


| Take his ſide, .and to it open the Sector in 
1 - the pointsat Q; fo the Parallcl taken from 


between the points at S, ſhall .be the Semi- 


| Glameter of the Circle required. 


2? KO BL. 
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To Reduce a Circle given, or a Square into an 


equal Pentagon, or other like Sided , and] 


like Angled Figures, 


Take the ſide of the Figure given, and | 


fit it over 1n his due points, ſo the parallel 
taken from between the points of the other 
Figuges, ſhall be the ſides of thoſe Figures, 


which being made up with equal Angles, | 


ſhall be all equal one to the other. 

Other Superficial Figures not here ſet 
down may firſt be reduced into a Square, 
and then intoa Circle, or other of theſe 
equal Figures as before. 


C: 


FRETS EL 3. 


Tx the third place,. To find a Right Lie equal | 


to the circumference of a Circle , or other 


part thereof. 


Take the Semidiameter of the Circle gi- 
ven, and to 1t (or to the ſame diſtance }open 
the Seftor in the Points at S, ſo the parallel 
taken from between the points at 90, in this 


Line, ſhall be the fourth part of the cir- 


cumference, &c. 


) 


| SECT 
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1]. tween a' Circle and. his Segments given 2: 
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SECT. 9. 
Of the Lines of Segments. 


The Lines of Segments are here placed 
| between the Lines of Sines and Super ficies, 
andare numbred by 5, 6, 7, 8, 9, 10. * 
The oſe of them is todivide a Circle gi- 
ven into.2:Segments, according to a pro- 
portion given, or to finda proportidn be- 


| For the Numbers 5, 6,7, &c. do repreſent 
theDiameter of a Circle ſo divided into 1 oo 
parts, as that a right line drawn through 
theſe parts perpendicular to the Dia- m 
meter, ſhall cut the Circle into two 
Segments, of which theggreater Seg- 
ment ſhall have that proportion to 
- the whole Circle, as the parts cut have 
to100: For Example, Let the Seor 
; be opened in the points of 1co to the | 
Diameter of the Circle given, as ſup- 
poſe BL, or any other Diameter ; ſoa - 
Parallel taken from the points propor- "2 
tional to the greater Segment required, 
ſhall give the depth of that greater | 
ſegment: As if the Diameter of a Cir 
cle were BL, carry the greater ſeg- E 
ment LO when the Seor is opened. in 100 
and it will ſtay in 75, which ſhews the pro- 
| portion 


_ 
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portion is as75 to 100, or that the ſeg- 
ment to the Circle is 3 parts of 4. Hereby 
you may find the fide of a Square equal to 


any known ſegment of a Circle : Foras the | 


proportion isof the Segment to a Circle, ſo 
is the part of a Square to the Square equal 
to the whole Circle, which is taught be- 
fore. 


SE CT. 10. 
& 
Of the Lines of Inſcribed Bodies. 


Theſe are placed between the Lines . of 
Lines, and may be known by the Letters 
D,S,1,C,O,T; of which D ſignifies the ſide | 
of a Dodecahedron, I of an Iſcoſahedron, 


C of a Cube, O of an Oftahedron, and T | 


of a Tetrahedrdi, all inſcribed into the 
ſame Sphere, whoſe ſemidiameter 1s here 
Hignified by the Letter S. 


The Uſes are | 
PROSB L. 1 


The Semidiameter of a Sphere being given, 
to find the ſides of the 5 Platonich or Regi- 
lar Bodies, which may be inſcribed in the 


ſame Sphere, 
zoo PROBL 


( 


kn PRA tay Fry 


a—_— os. - ine PE I"Y 


7 
"= 


"| BOOK IL. Of the Se@or. I7I 
PROB LF. 2. 


The fide of any of the five Regular Boates being 
pk To find the Semidtameter of a Sphere 
- that will circumſcribe the ſaid Bodies, 


If the Sphere be-firft given, take his Se- 
midiameter, and to it open the Sector in 
the points at S,and the Parallel diſtance be- 
twixt any other of the Bodies will give you 
the ſide of the ſame Body, which may be 


wo - 
D— — 'E 
inſcribed in the Sphere : Asif the Semidia- 


1C 


'] meter be AC, the fide of a Dodecahedron 


to be therein inſcribed wAl he DE. 

If the ſide of any other Body be firſt 
given, fit it over in his due points, and his 
parallel diſtance between the points S will 
give the ſemidiameter of a Sphere which 
ſhall circumſcribe the ſame Body. 


S &.C 4 Lt 
Of the Lines of Equated Bodies. 


_ Theſe are placed between the Lines of 
Lines and Lines of Solids , noted as the for- 
mer with theſe Letters D.I.C.S.O.T, ſig- 
nifying the ſame things. k-9 | 
| I 2 The 
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The Uſe. is this, 
| The ſemidiameter of a Sphere given, to 
find the ſides of the five Regular Platonick | 
Bodies equal to that Sphere: Or the ſides 
of any of the five Bodies given, to find the 
ſemidiameter of a Sphere, and 'the ſides ot 
the other* Bodies equal to the firſt Body 


+ 
B PF 4G 
| H 4L 


given. The work is the ſame with that | 
of the former of inſcribed Bodies, ſo if the 
ſemidiameter of a Sphere be BC, the ſide of 
a Dodecahedron equal to this Sphere will 
be found FG, ang of an Icoſaedron HL. 
and ſo of all the Reſt. | 


SECT. 12. 


Of the Lines of Mettals. 


TheLines of Mettalsare here joynedwith | 
thoſe of Aquated Bodies , and are noted 
with theſe Charafters, © L Rh) 2 42x, 
_ of which © So{ſtands for God, % Mercury | 

for Quickſilver, h Satarn for Lead, » Lu-| 

za for Silver, £ Yenusfor Copper, 4 Mars 
for lron, and Þ Jupiter Tinn. | < 
| ' The 
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The uſe of them is to give a Proportion 
between theſe ſeveral Mettals in their mag- 
nitudes and weight, according to the Ex- 
riments of Marinus G hertaldns in his Book, - 
called Promotus Archimedes. 


PROBL. 1. 


In like Bodies of ſeveral Mettals, and equal 
weight ; having the Magnitude of the one, 
To Fund the Magnitude of the reſt, ® 


Take the Magnitudes given out of the 
Lines of Solids, and tO it open the Settor 
in the points belonging to the Metal gt- 
ven ; 1o the Parallel taken from between 
the points of the other Metals, and mea- . 
ſur'd in the Lines of Sqgids, ſhall give the 
Magnitudes of their Bodies. | 


FADOS fc 24 


| In like Bodies of ſeveral Metals and equal 


Magnitude, having the weight of the one 
To Fad the weight of the ref. | 


ASif a Cube of Gold weighed 38 pounds, 
and It were required to know the weight 
of a Cube of Lead, having equal Magni- 
tude : Firſt, [ take 38 for the weight of the 
Golden Cube-out of the Lines of Solids , 

| and 


| 3 
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 and.put it over in the points of h Saturn be. 

longing to Lead ; ſo the Parallel diſtance 
taken from Detween the points of © Sol.ſtan- 
ding for Gold, and meaſured in the Line of 
Solids doth give the weight of the Leaden 
Cube required, to be 134. : 


PROBL. 3. 
A Poay be'ng given of one Metal ,. To make 


anagzer like unto it of another Metal, and | 


equal weight, 


Let the Body given bea Sphere of Lead, 
containing in Magaitude 16 4, whoſe dia- 
meter is A A, to which I am to make a 
{ſphere of Iron of equal weight. | 

If I take out the Diameter AA, and. put 
it over in the poifits of | Saturn belong: 
ing to Lead , The Parallels taken from 
between the joints of 4 2447s ſtanding for 


AL c, | Arn Bonny 


. Tron ſhall be AB the Diameter of the Iron 
ſphere: required, and this compared with 
the other Diameter AA in the line of So- 
ids, wilt be tound to be 23 d. in Magnt- 
tude; Cs the length ofthe whole line, and 
from Fo C again. 


PROBL. 
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PROBL. 4. 


A Body being given of one Metal , to makg 
another like unto it of another Ictal, accore 
ding to a weight given. , 


As if the Body given were a ſphere of 
Lead, (or a Round Lead Bullet ) whoſe 
Diameter 1s AA, and -1t were required to 
find theDiameter (of a ſphere of [ror®or of 
an Iron Bullet, which Iron ſphere ſhall weigh 
three times as much as the leaden ſphere or 
Bullet. I take AA and pur 1t over in the 
points of Nh which ſtands for Lead : His 
Parallel taken from between the points of 
6 ſignifying iron, ſhall give me AB for the 
Diameter of an equal here of Iron : It - 
this be augmented in fuch proportion as 
to 3, It gives C for the Diameter required 
ofa ſphere three times the weight of the 
former. | 


Having largely diſcouried of Geomctry in 
General, and of the three Famous Geome- 
trical Figures, the Circle, Square, and Tri-: 
angle, and having ſhewed you the Making 
and Meaſuring of theſe, and the Reducing 
of all other Fignres, whether Regular, or 
Irregular, to ſome of theſe, if not to the 
two former, yet at leaſt to the laſt theſe, 

| I'4 UVIL 
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viz, a Triargle, and by conſequence to 
Meaſure the ſame, by the ſame Rules that 
Meaſure a Triangle (or Trigonometry);, Ad- 
ding in concluſion. the uſe of the Sefor: 
| come now to Treat of Geometry according 
to the Proper and Genuine Etymology of 
the Word, which is derived from 71 Terra 
& witegv menſura, that is, The Aeaſuring of 
the Earth, and that (as elſewhere explained) 
to be underſtood the.whole Globe of the 
Earth, containing Sea and Land : That 
which concerns the Landis called Sarveying, 
and that which concerns the Sea, Waviga- 
tio: : And of theſe in particular. But firſt 
of Meaſuring this whole Globe of Sea and 
Land tozether in the General. 
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To Meaſure the whole Globe of the Earth 
comes under the Rules of the firſt Geometri- 
cal Figure, to wit, the Circle, and that a 
Solid Circle, (taking it for granted, That 
the Earth and Sea together make one « Globe 
lar or Spherical Body.) 


OW we muſt find the ſolid Contentof 
a Globe by the ſuperficial Content of 
1 ls | Globe, | 
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a Globe, and the Superficial Content of a 
Globe by the ſuperficial Content of a Cir- 
cle, having thelike Diameter. This Dia-- 
meter, we muſt find by the circumference 
of the ſame Circle : And laſtly, This Cir- 
cumference (as all other Circumferences 
whatſoever) mnſt contain 360 degrees, 
Now if we would take the circumferences 

of the Earth both Sea and Land in Eng- 
liſh Miles, we muſt know how many of 
theſe @ii!es upon the Earth are anſwerable 
to a Degree 1in- the Heavens. 

in the juſt Quantity and Meaſure of a 
Degree, the Common Rule is much out, ' 
wiich accounts 5 Foot to a Pace, and 1900 
Packs, 4. e. 5000 feet to a Mile, and 60 
{uch Miles, or 300c00 Feet to a Degree. 

The Fnoliſh Nile, which by the Statute 
is ſomewhat more then this will not ſerve 
the turn,. which 1s thus, 16+ Feet make a 
Pole, 40 Poles a Furlong , 8 Furlongs a 
Mile, 60 ſuch Miles contain 316800 Feet: 
By this account 1760 Yards1s a Mile. 

. But Mr. Norwood's Experiment by know: 


ing thedifference of Elevation of the Pole ;; 


bet wvixt York and Londen, and meaſuring 
exactly the way betwixt them, paſles for 
currant with all the Mathematicians I meet. 
with of f late, whicn was made on this man- 
ner. Jane 11. 1635; At York, by an Arch 
of a Sextan of more than 5 Foot. femidia- | 
, < meter, 


| 


aw 
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meter He took the Meridian Altitnde of 
the Sun, which was 59 Degrees, 33 Minutes, 
Latitude 53 4,58 mm. June 11. 1533in 
London he did the fame, and found the Me- 
ridian Aititnde of the Suz to be 62 Degrees, 
1 Minute; in Latitude 5 l. 32 - Now de- 
ducting the leſs latitude from the greater, - 
there remains 2 Degrees , 28 Minutes g. 
which is the difference of Latirnde, (York; 
being in 53:degrees 53 Minutes, and London: 
in51 Degrees 32 Minutes) as aboge no- 
ted : So by this was found 69 If Or: 
ſtatute Miles ; 4 Furlongs, 14 Poles, g Feet 
ina degree; or 367200 Feer. Bat tv make: 
60 Engliſh Miles in a Degree, each Mie: 
ovght to contain 6120Feet : 1 heſe multi-: 
plyed by 60, make 367200 as above; and. 
thoſe again by 36c is 132192000 Feet for 
thecircymference of th@ whole Earth. 
Now according to this obſervation of: 
Mr. Norwoods,- there will be according. to- 
ſtatute Meaſure 69 Miles, 4: Furlongs,. 14. 
_ Poles and 9 Feet Enoliſh in every Degree. . 
Yet that we may not fem todifter ſo much - 
from former Writers , and. the Common: 
Acconnt we fhall ſtill reckon; only 60+ Ez. 
£15} Miles to a Degree, and allow ſo. many: 
more feet to a_Mile; viz: 6120 Feet; and: 
2040- yards-;_ and- if we: cannot: allow-. 
them-the- rame of: Engliſh Miles, .we-: may 
call them Mathematical Miles, (though: no: 
| gr: ® queſtions 


130 | Of eMeaſuring BOOK, I. 


'* queſtion but our Yorkſhire Miles may allow 
of the ſame Length.) Therefore, 


Firſt, £o Miles allowed for a Degree, \ 


that multiplyed by 360, makes 21600 | 


Miles 'for the whole circumference of the 
Earth, 

Secondly, And by this Circumference to 
find the Diameter, Multiply 21600 by 7, 
Is 151200, and that divided by 22, makes 
68725 for the whole Diameter (according 
to thg, Rule, pag. 78.) the ſemidiameter 


(rejecting the Fraftion) is 3435 Miles to 


the Center of the Earth. 
. Thirdly, Now having the Diameter, to 
find the Area or ſuperficial Content of a 
Circle having the like Diameter: (by the 
third Rule , pag.. 78.) Multiply' the Dia- 
meter by it l1elf, that 1s, 6872 (omitting 
the Frattion) by#®6 872, it produceth 
47194334 Miles; this Multiplyed again by 
1', makes 519138224, and divided by 14, 
the Area of the Circle 1s 3708 130 Miles. 
Fourthly, This ſuperficial Content of 


the Circle multiplyed by 4, (by the Rule, 
paz. 80.) produceth for the ſuperficial Con- | 
tent ofthe Globe 148325204 Miles. And, 


- Fifthly, For the folid Content, Multi- 
ply the ſuperficial Content by the ſixth part 
of the Diameter, viz. 1145-,and it brings 
forth 1698816003 14*, which are ſo many 
ſolid Miles ; or the ſolid Content in _ 

0 (0 


— 
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the Earth. 19r 


(of 6120 feet in a Mile) of the whole Ter- 
reſfrial Globe, containing Sea and Land. 
And ſo much concerning the Meaſuring 
of the Earth in general : It follows 
that we Treat cf Surveying and Navigation 
in particular ? Only by the way take 
theſe two Corollaries. OD 

i. Suppoling the aforeſaid Diameter of 


' the Earth 63875214 Miles. If you imagine 


a hole through the Earth, and that a Mil- 
ſtone ſhould be let fall down into thighole, 
and to move a Mile in a Minuteof time , it 
would be more than two days and a half 
before it would come to the Center, and 
being there, would go no further, but as 
it were, hang 1n the Air. 

2. Suppoſing the Circumference 21600 
Miles, If a Man ſhould go every day 20 
Miles, it would be threeFears wanting but 
a Fortnight before he could go once about 
the Earth. | | 

And if a Bird ſhould fly round about itin 
two days, then muſt the motion be 450 
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| Surveying in aſtri&t and limited ſenſe may be” |. | 


taken ouly for the Meaſuring of ſome piece or 


 pareel of Land: But in a larger ſenſe, 1 | 
take it here for thy taving of all manner of |\._ 
Heights and Diſtances at Land, whether + 


the ſamebe Acceſſible, or Inacceſſible. 


Diſtances 1s a reſolving of a Triangle(fup- 


poſed to lye Horizontally Flat,) and taken ' 
by a-Theodolite or ſuch like-Inſtrament 4: 


which 1s.no other but a Quadrant layd Flat 


0- < with: . 


Peg=\\king of Heights being a Reſolv- 
8B ing of a Triangle, ſtandingup-. 
wards or vertically upon his Ho- - 


rizontal Baſe, and taken by a Quadrant: 
with Thread and Plummet : Taking of 
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 withian Index, and Sights inſtead of a 
Thread and Plummet : Not to exclnde 0- 


ther Inſtruments , ' as the Croſ5-Sraff ;, for 


| taking both Heights and Diſtances both 
'| at Sea and Land; but eſpecially at Sea : 


As alſo the Plain Table, an Inſtrument 
very much admired by many, of which you 
ſhall hear more hereatter. | 
As likewiſe I ſhall ſay ſomething of the 
Circumferentor, another Uſeful inſtrument 
for Surveying ; but that which I dg moſt 
admire and uſe,is theQuadrant for Heights,. 
and the Theodolite for Diſtances, which is 
no more but a Circle,a Semicircle,or Qua- 


| - drant layd Flat, divided into Degrees and 


Minutes with an Index and Sights, as any 
other Quadrarit (properly 1o called) is held 
upright, and uſed with a Thread and 
Plummet. - 

Both theſe (that is) both the Quadrant 
and Theodolite may be notably ſupplyed by 
Gunters SeCtor , being ſet at the diſtance 
of a Quadrant (or go degrees) and having 
2 looſe piece faſtned with two. Mortices,. 


and divided into Degrees for the quadran- : 


tal ſide, having alſoa Thread and Plummet 
faſtned in the Center, when you uſe it one 
way for- a Quadrant, and a Pin for an 
Index and Sights to turn upon when you: 


_ uſcit the other way for a Theodolite, be- 


wg tſually each Leg a juſt foot in length: 
| o, © nu 
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from the Center ; the Quadrantal or looſe 
piece may be firſt divided into 9o degrees, 
and every degree 1i:to 5 parts, ſo that eve. - 
ry one of the leſſer Diviſions are 10 Mi. 
nutes, and theſe 10 may be ſuppoſed to be 
ſubdivided into other 10, which ſignifie ſin- 

- ele Minutes, whichis as much as may be 
for an Inſtrument of no larger Radius. 
When it is uſed as a Theodolite,there muſt | 
be ſcrewed to it a {ocket of Braſs, whereby 
the whole Inſtrument may turn upon the 
top of a three-leg'd ſtaff (hooped alſo with 
Braſs, as there ſhall be occaſion) with a 
ſcrew on the ſide of the focket to faſten 
the Inſtrument upon the ſtaff. in any poſiti- 

| _ on youdefire: There may be alſo (to make 

! 1t compleat) a Card and-Needle ſcrewed 

| yponthe Center, and the Index which car- 

| ries thelights, beifig twice the Length of 
the Legs, (that is) 2 foot long, another of 
the ſame length without ſights may croſs 
it at Right Angles; ſothat making a per- 
fe croſs, moving upon the Center as one 
part goes offthe Quadrant, another comes 
- on, which ts as good as if it were a whole 
Circle. This may ſuffice for the deſcripti- - 
on of the Quadrant and Theodolite , | ſhalt 
now ſhew you how to take Heights and 
Angles of Altitude by the Quadrant,and to 
take Diſtances or Angles of Poſition by the 
Theodolite: And to -take both —_— 
"0 an 
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and Diſtances by the Crols-ſtaff,, whether 
the ſame be Acceſſible; or Inacceſlible. 


' W & --- 908 © 


| To take any Height or Altitude, whoſe Foot or 


. Baſis is acceſſible at one ſtation. 


This is. no more but the reſolving of a. 
plain Right Angled Triangle. As ſuppoſe 
the perpendicular CA were a Tree, "rar; 
or Steeple, or any other thing whoſe Height 
is required. Firſt, ſtanding at any conve- 
nient diſtance from the foot of- the Object 
tobe meaſured as at B, and there looking 
through both the ſights of your Quadrant 
till you eſpie the top of the Altitude at C; 
obſerve what Degrees and Minutes are 
cut on. the Limb of rt Quadrant by the” 
Thread, which ſuppoſe 30 degrees, as in 
the Example : Theſe 30 degrees are the 
quantity of the Angle CBA, (or moreplain- 


ly to call it the Angle B.) Now becauſe 
that every right-lin'd Triangle contains 


180 degrees of a. Circle, and every right 
Anglecontains go of them ; the Angle A 
being a right Angle, the other two Angles, 
that is B and- C muſt contain other 90, 
whereof B by the Quadrant appears to be 
30 : Therefore C muſt needs be 60 degrees, 
the complement of zo to go, And ys 

| * . OU 
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You muſt meaſure by a Yard, Chain, or a 


Two foot Rule, the Baſe of the Triangle,” : 


that is, the ſface or diſtance betwixt B, the 
place of your ſtanding, and A the foot or 


bottom of the Altitude (which ſuppoſe to | 


be 400 foot) As in the Example. 


Now theſe three parts of the Triangle | 
being given or known, that 1s, two Angles: 


and a ſide,viz. the AngleB 3o degrees, and 


by conſequence the Angle C 60 degrees,and | 


the I@gth of the Baſe 400 Foot : You may 
by Trigonometry and the Rule of Propor- 
tion find any of the other three parts of 


the ſame Triangle, viz. the Angle A, the. 


Hypothenuſe B C, or (that which is here 
required ) the Height or Length of the 
Perpendicular CA. You will find that any 
- Angle or ſide, ( ang} conſequently this ſide 
the perpendicular here required) may te 
found ſeveral ways, but by theſe three 


waies eſpecially : Firſt, By Protra@ion, | 


pag. 85, 86,87. Secondly, By Arithmeti- 


cal Operation, pag. 137, 138. But eſpect- 


ally by that general Rule in Trigonome- 
try, pag- 141, that every Angle 1s pro- 
portional toits oppoſite ſide, and every ſide 
to its oppolite Angle - Therefore as the 
Angle C 60 Degrees is to the known {ide 
BA 400; ſoistheAngle B 30 Degrees to 
Its oppoſite ſide ſought ; the Perpendicular 
CA, or the Height required, which is no 

: v more 


m_ 
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more but performing the Rule of Three 
(or by theſe three Numbers given, to find 


: | a fourth ;) either firſt by Logarithmes, as 


js taught pag-41. Or, Secondly,By the Lines 


| | of Numbers, Sines and Tangents, pag..4 1. 


Or laſtly, by the Se&tor, pag. 150, 151. by 
placing the Numbers on this manner. 


| © If 60 degrees give 400 Foot, what gives 


30 degrees? The Anſwer by all the fore- 
mentioned ways will be found tobe 23 1 fere 
the length of the perpendicular, or the 
Herght required : But toavoid Repetition, 
E fhall refer the Reader to the pages afore- 
mentioned for the manner of Operation. 
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To take an Inacceſſible Altitude at Two Sta- 
£1075, | ah 


For the effeing hereof, you mult take 
two obſervations at two ſeveral Stations 
with your Quadrant. Let the Line BC in 
this Example repreſent ſome object, whoſe 
Height is required, and by reaſon of ſome 
' Water, or other obſtacle interpoling it 
ſelf, you cannot come to. the foot or bot- 
tom of the Object or Altitude : Let your 
firſt ſtation be at A, where with your Qua- 
dranteſpying the top of the Altitude B C, 
the Thread and Plummet cuts 50 Degrees. 
Secondly meaſure ypon the Ground from A 
to D 200 foot, and again ſtanding at D, 


and eſpying the top of BC, obſerve what 
Degrees are cut by the Thread upon the . 
Limb or Edge of your Quadrant , which 


ſuppoſe 64 4. Then fall to ProtraCting, and 
firſt draw an Angle at A 50-Degrees, and 


meaſuring 200 foot to D, protract there at | 


D another Angle of 64 degrees, and from B, 
(that is from the point where the twolines 
AB and BD do interſeft or cut one ano- 
ther,) let fall a perpendicular, as is taught 
pag. 55- Probl. 3 and meaſure the Length 
of the ſaid perpendicular by the ſame ſcale 

”w LY 


by 
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by which you laid down the diſtance be- 
twixt your two ſtations (viz. 200 foot) 
and you will find the perpendicular to con- 
tain 560 Feet, which is the true Height re- 


quired. 
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You may alſo do this by reſolving the 
two Triangles by Logarithmes, or by the 
lines of Numbers, Sines, and Tangents,&c. 

Note that in taking all manner of Alti- 
tudes, whether acceſlible, or inacceſlible , 
. you muſt alwaies add to the height found, 
the height of your Inſtrument from the 
ground. 

Heights may be alſo taken by an Aſtro- 
labe : As alfo by-a Quadrant, which repre- 
ſents the Tangents of a Circle (as in the 

% Tollowing 


Get as E 


following Example,) with an Index and 


Sights; for as the Radius AB 1s to the | 
Tangent BC, ſo is AE the diſtance to ED | 


the Altitude. 
FE&EEH £ 


Fo 


By the Height of the Sun, and length of the | 
. ſhadow , to find the Height. of any Tree, 


Houſe, Steeple, or the like. 
| Firſt, Take the Suns Height by a Qua- 


drant, which ſuppoſe 37 Degrees, and the | 


length of the ſhadow-of the ſaid Tree, 
(which ſuppoſe 40 Feet) Then ſay as Ra- 


dius to the length of the ſhadow of the | 


Tree 40 Feet, ſo is the Tangent of the 


| - Suns height 37 Degrees to the height of 


the Tree delired, viz. 30:2. feet. 
Note taat when the Sun is 45 degrees 


\ 
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high, then the ſhadow 1s equal to the 
height at 26 4. 56m, the length of the 
ſhadow is double to the height ; at 18 4. 
43m. it is 3 times; at 14d. 4.2. 1t 1s 4 times 
the Height, and at 11 d. 31 mm. the ſhadow 
is 5 times the Height of any Altitude. Or, 
you may know the Height of any thing by 
- a walking-ſtaff, or a Yard, or a two foot 
- Rule by the ſhadow, thus. 

_ Set the ſtaff upright, and meaſure how 
often the ſhadow of the ſtaff is longer or 
ſhorter than the ſtaff, ſo in proportion is 
the ſhadow of the Tree to the height of ' 
the Tree it ſelf. The like may be done by 
a Maſons Square ſet upright. 


SHECF 4a. - 
To take the Height of any thing acceſſible by 2 
ſtraws or ſticks laid croff one another. 


- Take two ſtraws or ſticks of equal 
length, and faſten them perpendicularly 
croſs one another juſt in the middle of both, 
and go backwards or forwards till the 
| bottom and top of the Altitude be even 
with the ends .of the Croſs-ſtick, laying 
your Eye to the end of the other ſtick, and 
| thenis the height exaftly as -much as the 
diſtance meaſured to the Foot of the Alti- 
tude., adding to the Height found the 
Height of your Eye from the ground. 
-REILE: ECT, 


SECT. + 


To take an Altitnde by a Bole of Water, or an | 


% 


ordinary Looking-glaſs. 


Place on the ground a Bole of Water , 
 whichdone, erect your body ſtrait up, and 
go back in a right line from the building or 
otherAltitude,till you eſpie in the Center or 
Midd*e of the Water the very top of it; 
. which done, obſerve the place of your ſtan- 
ding, and meaſure the height of your Eye 
from the ground together with the di- 


ſtance of your ſtanding from the Water ; | 


and the diſtance of the Water from the 
Baſe or Foot of the Altitude: Then ſay as 


the diſtance from your ſtanding to the wa- |. 


ter is to the Height of your Eye; ſois the 
diſtance from the Water to the Foot of 


the Altitude, to the Height of the Altitude | 
required. The ſame may be done by a Glaks,if | 
the Glaſs be placed Horizontal,or Flat upon | 


the ground, and theEye ſee thetopof the 
| Tower, &c. in the Angle or edge of the 
Glaſs, and in the Line of RefleQion : I ſhall 
give you only one Example for both : Sup- 


poſe the Bole of Water or theGlaſs be A, |- 


which laid flat upon the Ground, or Hori- 

- zontal;, go backwards till yon eſpie the 
' top of the Altitude E, then meaſire how 
GM | many 


*4 


' 192. — Of Survejing. BOOK II 


. 


—_ | "TOU0G _—_Yy i WELS 


. 
Y 


BOOK TH. Of Swrveging. 193 


Srf0l Fanny ain rg corner us 


many parts 1s frem your ſtanding at B to 
A, andalfſo from BB to your Eye at C, like- 
wiſe the. diſtance from A to D, and then 
ſay as the diſtance BA 10is to the height 
of your Eye from the Grwund-CB r4, 1 is. 
the diſtance from A to D the foot of the 
Altitude 23! to the Altitude required 


which you will find 28 of the ſame parts. 


.CHAP. II. 


Hus much may ſuffice for taking of 
A Heights, in the next place we come to 


ſhew How to take Diſtances, and that (as 


[ told you before) is done the beſt by the . 
Theodolite, which is the moſt excellent 
; K | Initru- 
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Inſtrument for that uſe (eſpecially as I have * | 


contrived it upon the Seftor) and alſo the 
moſt portable for convenlency of carriage; 
I ſhall only add this contrivance, that in- 
ſtead of a three leg'd ſtaff you may have 
only an ordinary walking-ſtaff with an 
Hoop inſtead of the Head for the ſocket of 
the I:ſtrument to move upon, and inſtead 
of threelegs, only a Braſs cheap at the end 
to prick it down in the ground ; and the 


ſtaff reay be made with hollow Caſes to put 


in the croſs peece, the Index, and the 
Sights, and if you pleaſe, a pair of Com- 
paſſes, whereby it becomes a general Inſtru- 
ment both for obſervation and Calculati- 
on ; the Sector you carry in your Pocket, 
and the Staff in your hand, appearing no 
other bat an ordinary walking Staff, which 
for neatneſs and portability exceed any 0+ 
ther contrivance I meet with. 


FRACTE  $« 


But to come to Praftice, and by the Theodolite 


fo find the Length or Diſtance of any place ' 


from you, how far ſoever it be. 


This (as was formerly hinted ) is na | 


more but the reſolving of a"Triangle ſup- 
poſed to lye flat or Horizontally apon the 
' Ground ; As the taking of Heights is the 
2, 6 reſol- 
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reſolving ofa Triangle, ſtanding vertically 
or.upright upon his Horizontal Baſe: To 
ſhew you how to doit, take this Example, 

Suppoſe you ſtanding at B, and at A 
there were a Fort or Caſtle, or any other 
objet, whoſe diſtance you deſire from the 
place where you ſtand. 

Firſt, By your Theodolite placed at B 
lay the Index with the Sights upon the 
Diameter, where the Degrees take, their 
beginning, and thorough the ſights eſpie 
the Caſtle at A, the body of your Inſtru- 
ment fo reſting or ſcrewed faſt upon the 


_ ſtaff, that it ſtands on, move the Index 


with the ſights to 90 degrees, which make 
a Right Angle. There eſpie ſome other 
mark, as at C, then meaſuring the diſtance 


|  betwixt Band C, (whian ſuppoſe 93 per- 


ches) remove your Inſtrument to C,- your 


Inſtrument removed to C, there with the 


Index and Sights upon the Diameter where 
the Degrees take their beginning, Eſpy out 
your firſt ſtation at B, then turning the 
Index with the ſights till you again eſpie A, 
where note what Degrees are cut ; ſuppoſe 
61 4. 45m. the complement whereof to, 


| god. is 284. 15 mm. for the Angle at A: 


Therefore you have two Angles and a ſide 


| given to find another ſide of the Triangle, 


ABC; for you have the Angle at A28 d. 
15 2. and Its oppoſite ſide BC. 73 perches, 
K 2 and 


| 
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' and B. Firſt place your Inſtrument at A, 
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and again you have the Angle at C 614. 
45 m, which holds the fare proportion 
* to its oppoſite ſide BA, which is the di- | 
ſtance required. Op 

' + Which ſide or diſtance: you may find by 
Reſolving.the *Triangle-either by Protra- 
ion, as in pag. 132, 133. or by Arith- 
metick working by I ogarithmes,aspag. 31. 
or by the Lines of Numbers, Sines and] an- 
gents, pag. 41; for as 28 d. 15 m, $1073, 
ſo-is61 4.-45 m. to. the fide BA 1 per- 
ches: and(if the other fide C A be required) 
ſo is Radius or 90 degrees to its oppolite 
ſide by the general Rule in Trigonometrys, 
pag. 141, being 156 perches. 


SET I, 4 


To find the diſtance betwi%t any two Forts, and 
yet come near neither of them. 
Suppoſe C one: Fort, and D another, and 

you are to find the diſtance betwixt them, 

and come nearer neither. of them than A 


and laying your Index upon the Diameter 
where the Degrees take their beginnings 
tarough the ſights eſpie the Fort at C; the 
Inſtrument ſo reſting; more the Index till 
through the fights you efpie D, which will 
be when the Index cuts upon the Limb 49 

| "3 ,* , Den 
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Degrees, which is thequantity of the An- 
gle CAD; Then moving your Index ill 
through the Sights you eſpie your ſecond 
ſtation at B, then you will find the Index. 
to cut 107 Degrees, which is the quantity 


of the Angle CAB; Then meaſure the di- 


oy by 
"Es. 


ſtance betwixt A and B your firſt Rati- 
on- and ſecond, which ſuppoſe 30; then 
removing your Inſtrument to B, lay.your 
Index with the fights upon the Diameter 
where the Degrees take their beginning,and 
move the body of the Inſtrument upon the 
ſtaff, till through the ſights you eſpie the 
place of your firſt ſtation A, there ſcrew 
| 0 your 
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your Inſtrument faſt, and move the Index 


till through the fights you eſpie the firſt 


Fort again at C, and obſerve how many 


| Degrees are cut by the Index, which you 


will find 54 degres, or the Angle ABC: 


Laſtly move your Index, till through the 


fights you eſpie the ſecond Fort at D, and 
there obſerve what degrees are cut by the 
index, which you will find 97 degrees, or. 
the Angle ABD. Note theſe ſeveral obſer- 
vations as you take them, and thay upon 
Paper protraCt the ſame - As Firſt, Draw 
your Stationary Line AB, and upon the 
point A protraCt the Angles 49 and 107 4. 
Likewiſe upon. B protract the Angles 54 
and 97 d. and laſtly draw the line CD from 
the points of Interſeftion at C and D, and 
that meaſured upon the fame Scale whence 


your Stationary diſtaffce was taken , will 


fhew you the true diſtance betwixt the Forts 


Cand D, which was the thing required. 


S5SRET » 


How to take the Diſtance of divers places one 
from another according to their true Scutna- 
ron in Plano, flanding at ſome convenient 
diftance. 


Make choice of two.convenient Stations 
(taken as large as you:can, whereby your: 
K + FP _ work 
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work will be the truer,) from which ſtatl- 
ons you way plainly diſcern all the marks 
&r Places whole Diſtances you would take : 
AS os poſs Kand L to be your two Stati- 
G11S - Fir {t then, place your Inſtrument at 
Ly 41 od t3r3 the whole Inſtrument about , 
ti} through the fights on the Index Iying 
Up0n LIC Diameter » (that 15, where the 
Degrees take beginning). you eſpie your 
{econd ſtation at K, which found, faſten 
your Inſtrument : Then moving your [In- 
dex with the lights, till you eſple the mark 
at A, noting how many degrees are cut by 
rhe Index to the end you may protract the 
ſame when you have done your obſervati- 
oN, and after the ſame manner moye the 
Index, till through the ſights you eſpie all 
the reſt of the marks one after another, 
as BCDEF;, notingelown the leveral Angles 
from the Stationary Line KL. Then re- 
moving your Inſtrument from L to K, mea- 
ſure the Stationary diſtance betwixt Land 
K, which ſuppoſe 800 foot, as in the Ex- 
ample, when you come to protraCt, prick 
out this diſtance from a Line of equal parts 
upon the lice K L, and placing your In-/ 
ſtrament at K,:lay the Index upon: the 
' Diameter, and turn the whole Inſtrument 
about till through the back ſights you elple 
your firſt {tation L, and there ſcrew it faſt; 
then moving the Index, direct your ſight 
F--0 
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io as to eſpie the ſeveral marks at ABCDE-:- 
FG, obſerving and noting the ſeyeraF An-- - 
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gles which eachmark makes from the Sta- 
tionary Line KL as before ; and upon Pa- 
per protract all the faid Angles at Ky and 
drawing Lines at length to include thoſe, 
Angles, where theſe Lines meet or interſect 
the other ſeveral Lines drawn from the 
point L ; in that very point of interſeCtion 
make a mark, and ſet to ir the name of the 
thing repreſented thereby ; as if A bea_ 
Church-Steeple, B a Wind-mill, or the 
like: EAnd after they be thus protracted 
upon Paper, meaſure with your Compaſles 
the diſtance from' each place from the 
point K or L, or the diſtance from one of 
theſe-marks to another, as from A toB, 
fromB to C, &c. . Thee diſtances meaſu- 
red upon the ſame Line or Scale of equal 
parts, by which theStationary diſtance be- 


twixt K and L were at firſt laid down, will |. 


ſhew the true and exatt diſtance betwixt 
each place reſpectively. 

As for Example,, To find the diſtance 
betwixt C and D, meaſure it with your 


Compaſles upon the ſame Line of equal | 


parts, from which your Stationary diftance 
was taken, and you will find it to be 220 
foot, ſo from K to Cwill be 700, from K 
to D 810, fromL to C go, fromL to D 
875 foot, and fo of all the reſt ; whereby 
you may perceive this is the ſame with what 
is taught pag. 197 3 only that is taking the 
EY , cuſtance 


I_=—m—_—_— ae ___ 


— 
» 


pode. AE + 53 A W | 


— WW \ ond 


BOOK IT; Of Saroeging. 203. 
diſtance betwixt 2 places only, and*this be- 
twixt many at the ſame time, andupon the 
ſame ground ; and you may further diſcern, 
that theſe are no more but the Reſolving 
of Triangles by Protraftion , wherein 
two Angles and a Side are given ; the reſt 
of the Sides and Angles (if need be) may- 
be found as by. protraction on this manner.. 
fo likewiſe by Arithmetical Operation al- 
ſo, which I leave on purpoſe to exerciſe the: 
Readers Ingenuity, and paſs on.. @ 
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-To take a long Diſtance 
without the help of any 
Inſtrument, unleſs it be 


only ſuch an one that will 
direft you readily to ſet . 
out a Right Angle, as. 


any ordinary Carpenters 
Square, or the like. 


Obſerve the Figure, 
and let C be your ſtand- 
ing place, and let E be 
the mark afar off, whoſe 
diſtance from C you 
would know. 


© Firſt, Move ina right 


Line between C-and E 
to \A any number of 
yards or perches, as ſup- 
poſe 5o, and ſet up a 
Staffat A, then move in 
a perpendicular Line to 
CE from A to B, mak- 
ing a right Angle at A 


2 any diſtance, ſuppoſe 66, 
D and ſet up another ſtaff. 


at B, then:come back again to C, and re- 


- 


move. 
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move in a perpendicular Line to-CE, till 
you ſe'the mark ſet up at B, and the point 
Ein a Right Line, and ſet up ancther Staff 
at that place at D, getting the exact Di- 
ſtance thereof from C, which ſuppoſe 76; 
then ſubſtr2& the meaſured Diſtance AB 66: 
from the meaſured Diſtance CD 76, and' 
note the Remainder, which 1s 10. Then 
by the Line of Numbers, or by the Rule of 
Proportion. . ft 
| As the Difference between AB and@C 10 
' 1s to the diſtance between A and C50, ſo | 
is the meaſured Diſtarxce CD 56 to the Di- 
ſtance between CandE 380. Or, Sois the - 
meaſured Diſtance AB 66 to the Diſtance 


AE 330. | 


 "&:B ET. v $ 
To take a Diſtance by a CArpenters, or Maſons 
Squares | 


' Takea: Square with two Sights on one 
; = fide, faſten it to the top of a Staff, which 
; Juppoſe6 foot high, move the Square, ſo- 
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that through the Sights you eſpie the thing 
which you deſire to know how far it is di- 
ſtant from you : Then obſerve the diſtance 
betwixt the Staff (faſtned to the other 
ſide of the Square where the ſights are not) 
and theG6 foot ſtaff which ſuppoſe 2 foot ; 


- Fhen obſerve as often as that diſtance is 


contained in the length of the ſtaff, ſo ma- 
ny times1s the length of the ſtaff contained 
in the Diſtance required. As how many 
times <2 in 6, that is 3 times. Then ſay, 
3 times 6 the length of theStaff is 18, the | 
diſtance required. As in the Example. 


SECT. 6. 


To Meaſure an Inacceſſible Diſtance , as 
the Breadth of a River with the help of ones 
Hat only. M 


Having your Hat upon your Head, come 
near tothe Bank of the River, and hold- 
ing your head upright (which may be done 
by putting a ſinall ſtick to ſome one of your 
buttons to prop up the Chin) pluck down 
the Brim or edge of your Hat until you 
may but ſe the other ſide of the Water, 


then turn about the body in the ſame po- 


ſture towards ſome plain, and mark where 
the ſight by the brim of the Hat glancetb 


on the Ground ; For the Diſtance from that 
h "2" place 


BOOK 11. | 
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! place to your ſtanding is the Breadth of 
the River required. | 

SECT. 7. 

Z Hem to take the Breadth of a River exallly. 


Place your Theodolite, (or any other 
Inſtrument whereby you can take Angles; ) 
at E obſerve ſome mark on the other ſide 
the River, as at D, and obſerve anAngle 


of 90 Degrees betwixt Dand F, which may 
be either on the = Hand, or- on the 


kft, & faria the Line of go Degrees, till 
| 8 mA 
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you efpie the mark D' doth juſtly makean 
Angle of 45 Degrees with the mark E:and 
this will be when you come to F ; then mea- 
ſure carefully the Diſtance E F, and that 
ſhall be exaCtly equal to the Breadth of the 
River DE - An Angle of 26 4. 30 mz.makes 
the Diftance double to the Breadth, &c. 
and ſo by other Angles, but the beſt and 
ſareſt is 45-d. if you can uſe no other : | 
So likewiſe by the ſame Rule may be taken 
the Dsſtance of any Capeor Iſland from-you | 
at Sea, or any other Acceſſible Height, or 
lnacceſlible Diſtance at Land. 


CO _— 


CHAP; IV. 
To take both Hei, hits and Diſtances by 
Gunters Croſs-Staff. | 


Ego neceſſary parts of this Inſtrument 
are theſe , The Staff, the Croſs, and 
the 3 Sights. The Lines inſcribed thereup- 
on are of two ſorts: 1. Either for Calcu- 
lation : Or, 2.For Obſervation: The Lines- 
for Calculation are the Lines of Artificial 
Numbers, Sines, and Tangents, whereof 
we have ſpoken -largely , The Meridian: 
Line for drawing 'of Sea-Charts;- As alſo* 
the Lines of. verſed Sines ;- Chords; on: 
| WAIC 
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which I ſhall fay nothing of in this place. 


The ſecond ſort of Lines inſcribed upon 
the [nſtrumevrt are for Obſervation : Firſt, 


A Line of Tangents for Obſervation of 
Angles. Secondly, A. Line of equal parts 
not only for taking Angles, but alſo for 
taking perpendicular Heights and Diſtances. 
The Tangent Line on the Staff may be 


- known by the double Numbers ſet on both 


ſides of the Line, beginning at one fide at 
20, and ending at $0, and on the other ſide 
at 49, andending at 180. - On the Crols 
there are two Tangent Lines. 


1. A Tangent Line of 36d. 3 7. num- 


bred by 5, 10, 15, to 35, the midſt where- 


of is at 20.d. and therefore. I call it the 
Tangent of 20, and this hath reſpect unto, 
20 d. in the Tangent or#the Staff. 

2, A Tangent Line of 49 4. 6 m. num- 
bred by 5, 10, 15, to 45, the midſt where- 
oſlsat 304. and. hath Reſpe@ to 304. in 
the Tangent on the Staff, and therefore 
called the Tangent of 30. The Uſe of theſe 
follows, 


5 & © Fo Io 


To find an Angle by the Tangent on the Staff. 


, Let the middle Sight be alwaies ſet to 


4 the 


- 


CDXIDEZIECLIILLRERSRSECIIERNDS 


' 3c, and, then the Croſs drawn nearer the| 


ding the marks L and N cloſe between the 


be nearer together as are M and N» 
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the middle of the Croſs, noted with 20 and 


Eye,until the marks may be ſeen cloſe with 
in the ſights : For if the Eye at A(theend 
of the Staff) which is noted with go and 
180, beholding the marks K and N between 
the two firſt ſights C and B, or the mark} 
K and P between the two outward ſights| ' 
the Croſs being drawn down to H, ſhal 
ſtand at 3oand 60 in the Tangent of the 
Stafb;: it ſheweth the Angle KAN 1s 30d | 
the Angle KAP 60 4. the one double to 
the other, which is the reaſon of the dow| 
ble Numbers on this Line on theStaff; and} 
this way will ſerve for any Angle from 20 
fgowards 90 4. or from 4o to 1804. but if 
the Angle be leſs than 204. we muſt then 
uſe the Tangents on the Croſs. 


SFEF.- ©. 


To find an Angle by the Tangent of 20 onſ” 
the Croſs. 


Set 20 unto 20, that is, the middle ſight} 
to the midſt of the Croſs at the end of thej 
Staff noted with 20, ſo the Eyeat A behol-| 


two firſt ſights C and B, ſhall fee them in an} 
Angle of 20 degrees : If the marks ſhall 


then 


on. 
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then draw the Croſs in from C to E: If 


hey be further afunder, as are K and N» 


then'draw. out the Croſs from C to F, fo 
the Quantity of the Angle ſhall be ſtill 
found in the Croſs in the Tangent of 20 4. 
at the end of the Staff; and this will ſerve 
for any Angle under 20, and iſo to 35 De- 


grees. ; hs 


FCS SS 


| Tofind an Angle by the Tangent of 30 Hpors 


the Croſs. 


This Tangent of 30 is here put the ra- 
ther, that the end of the Staff reſting at 
the Eye, the hand may more eaſily remove 
the Croſs: For it ſuppoſeth the Radius to 


| be no longer than AH, Rhich is from the 


Eye at the end of the Staff to 3o d. about 
22 inches and 57 parts, wherefore here ſet 
the middle ſight to zo 4. on the Staff, and 
then either draw the Croſs in or out un- 


. til the marks be ſeen between the two firſt 


ſights : So thequantity of the Angle will 
be found in the Tangent of 3o,. which is 
here repreſented by the Line GH, and this 
will ſerve for any Angle from 04. to- 
wards48 degrees. 


SECT. 


- 
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| | SECT. 4+ — 
ll; To take the Altitude of the Sun by Thread 


and Plummet. 


Let the middle ſight be ſet to the midſt 
of the Croſs, and to that end of the Staff 
Ii which is noted with go and 180; then ha- 
vinga Thread: and Plammet at the begin- 
| ningaf the Croſs, and turning the Croſ} 
upwards, and the Staff. towards the'San, 
| the Thread will fall on the complement of 
the Altitude above the Horizon; and this 
| may be applyed to other uſes alſo. Thus 
i much for the Line of Tangents. | 
| + The other Line for Obſervation, where: 
I by you may find both Angles and Sines 1s]. 
the Line of equal parts, which in G wunters 
upon the Staff is 36 inches, each-inch di- 
| vided into Tens, andeach Ten into Halts; 
and to anſwer it upon the Croſs, is 26; in- 
ches between the two outward lights. 


$EC ET: 5. 
To take” Anples by theſe Lines of equal parts | 
If the Angles be obſerved :hetween- the 


two firſt ſights, there will be ſuch propor- 


tion. between the parts of the Staff, = 
"23> tne 
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the parts of the Croſs, as between Radius, 
and the Tangent of the Angle; as if the 
ts intercepted on-the Staff be 20, the 
parts of the Croſs 9.: Then by Proportion, 
3s 20s to 9 upon the Line of Numbers, ſo 
is the Radius to the Tangent of 24 d. 14m. 
upon the Line of *Fangents - But if the 
Angle be obſerved; between the two out- 
ward Sights, the parts being .20and 9, as 
before, the Angle will be double to the for. 
mer, viz. 48 d, 28 m. s 


| _ S E CT. 6, 


To take not only Angles, but Sides alſo by this 
Line of Equal Parts , which is, To take 
Heights and Diſtances. 


_ -AndFirſt, For Heights. | 
In taking of Heights, you are to hold 
the Croſs upwards, and for Diſtances, to 
hold the Croſs . ſidewaies ,. and the Eye 


placed at the beginning of the Staff, eſpy- 
ing the marks by the inward ſidesof the 


| Sights, there will be ſuch proportion be- 


twixt the Diſtance and the Height as is be- 
tween the parts intercepted on the Staff 
and Croſs : The Ground whereof you will 
find in pag. 189, Hs 


PROBL. 
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PROBL. 1. 


Having the Diſtance from your ſtanding to the . 


foot of the Altitude given, To find the 
Height. 


As the Segment of the Staff is to the 
Segment on the Croſs, fo is the Diſtance 
to the Height. As if the Diſtance AB be- 
ing meaſured, or known to be 256 feet, it 


wereFequired to find the Height BC: Firſt, } 


I place the middle fight at 24 inches (or 


parts,) then holding the Staff level with | 


the Diſtance, I raiſe the Croſs parallel to 
the Height or Top of the Altitude ; foas 
my Eye may fee from A, (the beginning of 
inches, or parts upon the Staff) by the fight 
E unto the mark C; which being done, I 
find 18 inches intercepted on the Croſs be- 
tween the ſights at E and D: Therefore 1 
ſay, the Height BC is 192 feet; for as 24 is 
to 18, ſo is 256 to 192 : Orif the obſerva- 


tion were to be made before the Diſtance. 
_ were meaſured, I would ſet the middle fight 
to 12, 16, 20, 24, or ſome ſuch Number as 


might beſt be divided into ſeveral parts , 
and then work by Proportion : As inthe 


former Example, Suppoſe 1 ſet the Staffro' 
24, and the Crofsto 18, it ſhews the Height | 
is ?. of the diſtance, therefore the Diſtance | 


being 256,theHeight muſt be 192 as before. 
wo PROBL, 
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Having Part of the Height given, To find 
the whole Height. 


As if the Height from G to C were 
known to be 48,and it were required to find 
the whole height BC. Firſt, put the third 
ſight, or ſome other ſight upon the Crols 


| between the Eye and the mark G. hen, 
| As the Difference between the ſights E and 


F 45» isto the whole Segment on the Croſs 


ED 180, fo is the Part of the Height g1- 


ven GC 48 tothe whole Height BC 192. 
PROBL. 3. 


To fad at Jnacceſſible Heigſt at 2 Stations, by 
knowing ouly the Stationary Diſtance. 


As the Difference of Segments on \the 
Staff is to the Stationary Diſtance , ſo is 
the Diſtance on the Croſs to the Height 
required : As ſuppoſe the firſt Station at 
H, the Segment on the Croſs E D were 
180, and the Segment of the Staff HD 
300. Then coming 64 Feet nearer to B in 
a dirett Line towards the Height unto a. 


| ſecond ſtation at A, and making another 
; obſervation : Suppoſe the Segment of the 


 - _ ya 


7 


upon the Staff,) ſo is the Height given to 
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Croſs ED were ſtill 180 as before, and the 
Segment of the Staff AD 240. Take 240 


out of 300, the Difference of Segments will 


be 60 : Then ſay, 

As 60 the Difference of Segments to 
64 the Stationary Diſtance (or Difference 
of Stations) ſo is DE 180 the Segment of 


the Croſs to the Height required, viz, | 


BG 192. 
- booth 4. 


Hide the Height of any thing given, 14 fund 
rhe Diſtance. 


Secondly, For finding Diſtances. 


As the Segment of the Croſs (or the 
parts upon the Croſs which is all one) is to 
the Segment of the Staff, (or the. parts 


the Diſtance required. For Example, 2s 
the Segment ED 18 on the Croſs is to DA 
24 on the Staff, ſois CB 192 the Height to 
256 the Diſtance. 


FRUDE LL. $0. 
Having Part of the Height given, To find tht 
Diſtance. 


As tbe Difference between - the Sights 


EF 45 


nd 


L 
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EF 45 is to the whole Segment of the Staff 
DA 24+: fo part of the Height GC 48 is to 
the diſtance required, viz. AB 256. 

I Ee 


P-ROBLiE 


To find a Diſtance it two Stations, by knowing 
only the Stationary Diſtance. 


As the Difterence of Segments on the 
Statf is to the Stationary Diſtance, ſo 33 
DN L the 
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the whole Segment of the Staff to the di- 


ſtance required, The Segment of the Croſs | 


being as beforea8o The Segment of the 


Staff at the firſt Station 240, at the ſecond} 


300. The difference between. theſe 60. 
The diſtance between the two: Stations 64- 
Then ſay, | 

| AS 


F \ 


1 
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As 60 the difference of Segments is to 
64 the Stationary diſtance, ſo is the Seg- 
ment at the firſt ſtation 249 to the diſtance 
AB the firſt ſtation 256. And ſo is 3o0v 
the Segment at the ſecond Station, to 320, 
the diſtance HB the ſecond Station. 

In taking a Breadth it 1s not material 
whether the two Stations be choſen at 
one end of the Breadth propoſed, or with- 


+ out it, or within it; It the Lines bgtween 


the Stations be perpendicular unto the: 
Breadth ; as may appear if inſtead of. the 
Stations at A and H;j, we make cnoice of 
the like Stations at land K, To conclude, 
in all theſe there 1s regard to be had to the 
parallax of the Eye, and his Height above 
the Horizon ; to the Semidiameter of the 
Sun, his Paraliax and Refration : As alſo 
the Parallax and Refravtion of the Moon 
and Stars, if you will be ſo very exact ; 


Which you may fee in this following Table, 


L 2 | A Table 


S 
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The Table of theſe Parallaxes according 
to the Obſervations of Ticho Brahe.. 


The Table of Refrattions of the Sun, 
Aloon, and Stars. 


{ Alr1- [Sun |Moon|Stars [Alri- |Sun Moon 
rudes, |Min. |min. |min. ; -udes|min. | min. 
Os | 34 | 33 3ZO * 1 18 6 6 

r 17290104 1 80] i9 s | 6 

2 |] 20 | 20 | 15 ww] &1-% 

3 | 19 | 17 | 12 } W479 

& 3} 8$-7 04 7-88 Wi 21} 4 

S | 14 | 14 | 20 23.|] 3.1] 4 

6 I3 | 13. ] o9 : W237 46 

7 12 | 13 8 | =; $1 4 

8 4 3204+ 3 5, i EE. 

LE + [Rn 6 | $7] 2] 3 
4 10-1 10 | 22 jJ©sg 28 2 2 
II 9 | 10 < 3 #1 ® 

3 + j $4 8 4 a4 BE. 
| 13 8 | 09 4 71 33 Dd 
T 14 8 | 8 S201 4} 1 
$8 1 7} 63 8 man 2} 2 
ww 3 $4 Y 2 <34. | 1 I 
io T 4 1 1 "TELES 


The Refraction of the Sun, Moon, and 


Stars canſeth them to appear higher above | 


the Horizon than they really are, There- 
fore SubſtraCt the Refraftion from the: Al- 


titude obſerved , that the true Altitude | _ 
may be had. 


7 
; 
; 
] 
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Thecauſe of theſe Refrattions or Paral- 
taxes is the Atmoſphear, or the groſs Va- 
pours and Thickneſs of the Air near theHo-' 
rizon, or the Face of the Earth ; which to 
demonſtrate by an: eaſie experiment , ſet 
down an empty Baſon on a Stool, laying a 
ſhilling in the bottom of it; and go ſo ' 
much backwards, till you bring the edge of 
the Baſon and the Shilling in a right Line 


with your Eye, and then let another fill 


the Baſon with fair Water, and yM may 
go a pretty way further backwards, and 
{till fee the Shilling and the edge of the 
Baſon in a right Line, the Refraftion of 
the Water being the Cauſe thereof'; and 
from this Reaſon we conclude that the Sun 
ſeems to appear above the Horizon when 
he, 1s really ſet ; and that other times ke 
ſeems higher than he really is, as alſo the - 
Moon and: Stars. | 


"y - . —_ 


CHAP. v, 


Hy ſhewed you ſeveral ways to take 
Heights and Diſtances in general , 
I come now to ſpeak of Surveving, as it is 
taken in a ſtrict and particular ſenſe for the 
Meaſuring of Land according to the Diver- 


 lity of lncloſures : Now this Meaſuring of 


L 3 - Land. 
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Land is no more bunt finding the Area or 


Content of a Superfictes, and conſiſts in 
Firſt, Plotting of 


theſe two Particulars. 
Ground, or taking the Figure of it: Se- 
condly, the Meaſuring of that Plot or Fi- 
v-re io taken, or taking the Superficial 
Content thereof. 


1. The former of theſe, viz. The plot- | 


ting of ground 1s excellently performed : 
Firſt, By the Plain Table. Secondly, By 
the TY.codolite : Or, Thirdly , By the 
Chain only, and Scale and Compals. 

2, The latter, viz. The Meaſuring of 
a Plot is no more but the Reducing of it 
t9 ore or more of the Three Regular Geo- 
metrical Figures before-mentioned', viz. 


either to a Circle, a Square, or a Triangle, | 


(eſpecially the laſt of theſe) and meaſuring 
it by their Rules, leeing no Plot or Figure 
can be ſo [rregular, but may be Reduced to 
Triangles, (if not to either of the former) 
and ſo may be meaſured by Trizonometry. 
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Firſt then, To take a Plot by the Plain Table, 


A Plain Table 1s no more but a Board, 
or rater three pieces put together, mak- 
inga long Square or Parallelogram, fſuffict- 
elit to hold a ſheet of Paper, with Ledges 

id to 
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to keep the Table together, and the Paper 
faſt, with a looſe Index with Sights to lye 
upon the Table: The uſe is as follows - 
Firſt, - Placing your Inſtrument upon the 
Staff, faſten it by the ſcrew in the ſocket,. 
which it hath common with a Theodolirte,, 
and ſtanding at any Corner of the Inclo- 
fure, whoſe Plot you would take as at A, 
lay the Index with the ſights upon the Pa- 
per, and thorough the fights eſpie ſuch a 
mark upon the Hedge or Side of a Tield or 
Incloſure as far as the Hedge foes in a 


ſtreight Line as at B ; and by the Fiducial 


edge of the Index,draw a Line what length 
you pleaſe from A towards B.: Then remo- 
ving your Inſtrument meaſure with your 
Chain the diſtance betwixt A and B, ard 
Ln: &.. from 


© 


from aScale of equal parts prick down il 
Perches the ſaid Diſtance from A to B upol 
the Line drawn ; then placing your Inſtru- 


ment at B,lay the Index upou the Line A B, | 


and turn the whole Inſtrument till through 


the ſights you eſpie A your firſt ſtation; | 


There ſcrew the Inſtrument faſt upon the 
Staff, obſerving that Alay even with the 
Linedrawn, then moving the Index to the 


Point B, keep one end thereof to that | 


point x-and move the other till through 
the ſights you eſpie a third mark at C, 
(which again is as far as the Hedge or Side 
of the incloſure goes in a right Line :-) 
And by the fiducial Edge of the Index draw 
another Line to the point B, and meaſuring 


the diſtance by your Chain betwixt B and '| 
C, prick the ſame diſtance upon the Line | 


'BC from the ſame feale of equal parts, and 
remove your [nſtrument to C, and fo from 


Point to Point, till you have gone round | 


the incloſure : So ſhall you have a perfect 


Plot of the whole Field upon your Paper ; | 


and having ſo, it is eaſily reduced to Tri- 
angles, as 1s taught pag. 102, and meaſured 


by its Rule, pag. 107. whereunto I refer | 


the Reader for brevity» 


ge PROT 


SECT. | 
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FRET: 3 


| Secondly, To take a Plot by. the Theodolite. 


| The Deſcription of .a- Theodolite you 
have pag. 183, and 194. Theſe of it in- 
taking diſtancesin general, you have allo 
pag. 194, 195, 196. 197, 158; and as for 
meaſuring of Land thereby, it is no more 
but the particular application of thOſe ge- 
nerals upon this particular occaſion: As: 

_ for taking the former Plot in pag. 22 3” 
by this-Inſtrument, placing your Inſtru- 
ment in any Corner of the. Field, or in 
any point of any of the ſides thereof ; 
your buſineſs 1s to take the diſtance betwixt- 
one point and another till you have gone 
round the Fleld, as is taht 194; 195 and' 
195 : Therefore. I ſhall not here uſe Repe- 

| tition - But becauſe there is one ſpecial: 
Example in Leyburn, how by the Theodo- 
/ lite toPlot a Field at: two Stations taken 
in the middle -thereof ; from either of 
; Which all the: Angles in the Field may be. 
| feen with meaſuring the Stationary Line- 
only, being an excellent, pleaſant, and in- 
genious way, I ſhall here give it you : And: 
for brevity ſake I ſhall acquaint- the Rea- 
der , that. it is the very ſame as is: 
ſhewed pag,. 200', and 201, KJ being: 
L. $5: *© fuppoſed: 
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ſippoſed the Stationary Line in the middle, 
and the whole Figure in pag. 120, being 
{ſuppoſed to be only one half of the Plot, 
and Lines drawn from one point to ano- 
ther round the whole, asis there done z by 
which means you will have the Periphery 
o! the whole Pict 5, bunt to give you .an en- 
tire Example or Figure more , referring 
708 10 the former place for DireCtion, ob- 
{crve this (ollowing., 
C 
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Thirdly, To take the Plot of a Field without” 
any other Inſtrument but the Chain only, and 
by your Scale to Protratt the ſame upon Paper. 


Let ABCDEEF be a Field to be plotted, 
Firſt, Meal ire every ſide thereof with your 
Chain beginning at A , ſo ſhall you find, 
The ſide AB contains 2 Chains wLinks 


BC I 45 
CD 2 6 
DE 4 75 
E F = 1 J' 
FA 2 52 


Note that theſe are meaſured by Mr. 
Gunters.Chain (which Pdo moſt commend, 
and which contains 4 Poles, each Pole 25 
Links, or 100 Links in the whole Chain, 
each Link contains 7,3} inches, in all 792 
Inches, 65 Foot, or 22 Yards.) 

Now after that you have taken or meaſy- 
red theſe ſeveral fides by this Chain, to- 
ProtraCtt the ſame upon Paper ,. obſerve , 
That the Field containss6 lides, and there- 
fore may be Reduced into two Trapezia's, 
or into 4 Triangles. A Trapeziais any Fi- 
gure of 4 ſides, whoſe ſides and Angles are 
all unequal, fo that this field may bs redu- 

OM ced 
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ced into the Frapezium ABCF, and FCED 
by a Line drawn from the Angle F, to the 
Angle C, which being meaſured by your 


Chain, you will find the Length oft to be. 


2 Chains 89 Links. Then again, if you 
meaſure with your Chain from C to. A, 
which will contain 2 Chains, 70 Links , 
and fromC'toE;, which: contains 3 Chains, 
60 Links; you will find the former two: 
Trapezia's divided each into two Trian- 
oles, wget. the Trapezium ABCEF into the 
Triangles ABC and ACF: And the other 
Trapezium FCEDinto the Triangles FEC 
and CDE ; in every which Triangle you 
have all the ſides given, "by means whereof 
you may. draw upon Paper the exaCt Figure 
of your Field by what Scale you pleaſe, (ac- 
cording to the Rule given, pag. 85.) and-as 
it here follows. ©. 


———— Oe —— CS SIE I. mm 


Firſt, Taking into your conſideration. | 


the Scituation of your Field, draw- npon 


your- Paper the .Liie AC, containing 2. | 


Chains, 70 Links of any. ſcale : Then be- 
cauſe the fide AB contains 2 Chains, 5 
Links, open your. Compaſſes to 2, 5, and, 
placing one foot in A, with theother de- 
ſcribe the Tricked Arch a b. Likewiſe take 
in your Compaſſes i, 48 the length of BC,. 


and placing one Foot of your Compaſles in- 


C,. with the- other deſcribe the pricked 


Archc.d, croſling the. former. Arch ab in, 
30 the. 


— JI 5 en. 


—— 
— 
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the point B, then drawing 2 Lines from: 
Cand A tothe point B, you-have protra- 
ted the Triangle ABC :. After the ſame 
manner muſt you protraCt the Triangles: 
AFC, FEC, and CED., ſo is your work fini- 
ſhed, and the Figure of the Field protrac&t- 
ed upon Paper, 


— —_ 


CHAP. VE 


Now for to know how to Meaſare this 
P'at thus protracted, or any of the 2 
former,, pag, 2239. 224, and by cox- 
ſequence any other : Take theſe Rules 
following. 

| v 

FECT} 


Firſt, Yow muſt Reduce the ſaid Plot or Fi- 
gure into one or more of the Three Regular 
Geometrical Figures before-mentioned y VIZ. 
tbe-Circle, Square, or Triangle. 


Nev there are very few, orno pieces 


of Land which can be reduced to the 


firſt, viz, the Circle , but what may be 
done as to that you. have pag. 74: But to. 
the ſcond,. viz, the. Square, many ſorts: 


ET off 
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of Figures may be reduced thereunto, as 
you m-y ſee pag. 89, 90. But in the third 
ad laſt Þ! ce, any lrregular Plot whatfo- 
ever may be reauced to Triangles, as you 


may ice pag. O4 and 105, and as you ſee 


this Plot 1s doue. 
FECF. 3, 


Now this being done, there is no more 
to beelone, but to meaſure theſe ſeveral 
Triangles by letting fall perpendiculars, as 


£1] — » 


is tanght-pag.zs. and multiplying halfthe | 


Baſe; and the whole Perpendicular, or the 
e whole 


BOOK II. 
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' whole Baſe ard half the Perpendicular to- 
| gether, which will give the ſu; erficial Con- 
tent of each Triangle, and the Contents 
of the ſeveral Triangles added -together, 
will give the Content of the whole Plot in 


| | Acres, Roods, and Perches. 


ZKUTSS 1 


And for finding the Superficial Content 
of a Triangle, having all the Three ſides 
thereof given, it 1s taught pag. 113 which 
may be done without letting fall any per- 
 pendicular : For the doing whereof l refer 
' the Reader to the place before-mentioned, 
pag. Ul3. | Tg 


RULE 2; 


The Second Rule is, To find how many 
' Acres, Roods and Perches are contained in 
any Triangle, or any other piece of ground 
of any other ſhape. And for this purpoſe 
note, that 3 Barley Corns 1s an inch, 12 
inches a Foot, 3 Foot'a Yard, &c. And that 


| + by the Statute 5 Yards, or 16' Foot make 


a Perch or Pole, 40 ſquare Perches make a 
Rood, and 4 Rood an Acre, ſo that 160 
iquare Perches are an Acre : Suppoſe a 
piece of Ground ſhould contain 917 ſquare 
Perches, Diyide 9i7 by 40, the, "—_ 
2 Wi 
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will be 22 7.7, divide- this again- by 4 the 
Quotient is 5, 2 37, which ts 5 Acres, 
2 Rood, 37 Perches; or divide g17 by 160, 
the Qaotient will he 5 Acres, and 117. | 
Perches,. which is 2 Rood, 37 Perches,. as 
before. 


KV D#E 23. 
S 1} 
Note again to bring Chains and Links 

into Agres, Roods, and Perches: That 1co 
Links (of Mr. Gwunters) make a Chain, 10. 
_ chains an Acre: Now ſuppoſe a Piece 
of. Land to contain 9 Chains,. 5o Links in 
length, and 6 Chains 25-Links 1n breadth, 
lyingina long Square - Multiply the one 
by theother,or 950 Links by 625, the Pro- 
duct is 5.93750, from which ProduC in 
Square Links. cut 4:waies off the five laſt 
Figures,. ſo is the: reſt to the left hand 
compleat Acres, which is here 5. Thoſe 
which are cut off being 93759 multiplyed 
by 4» (the number of Roods in one Acre) 
produceth 3]. 75000, from which Product 
cutting off again the 5 laſt Figures towards. 
the Right Hand, the Remainder . towards 
the Left Hand ſhews the compleat Rondes, 
whichare here 3,: The 5 Figures cut off be- 
ing 75000, multiplyed by 40 the Number of 
Perches in a Rood, produceth 30] 00000 ; 
ſo. cutting off the 5 laſt. Cyphers towards: 
oa the. 
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the Right hand, leaves 30 towards the Left, 
which are 39 Perches: If any odd Num- 
bers had remained in thoſe which were cut 


| off, they had been ſo many Hundred Thou- 


ſand parts of a Pexch 3 but no Fraftion re- 
maining, the Contents of this Parallelo- 
gram or Long Square, is 5 Acres, 3 Roods, 
and zo Perches: the like is to be done in 


| any other. 


SECT. 3. « 


; SEL. 

But to help you herein, obſerve the Ta- 
ble following as to the former Example 
593750. Cutting off the 5 laſt Figures, 
there remains 5 Acres: Then look for 
90000 In the Table under the Title. Links, 


and againſt it under the Title Roods and 


Perches, you find 3 Rood 24 Perches: Then 
look for 3750, and againſt 1t you find 6. 
Perches, all which. added together, gives 
you the Area or Contents of the whole, as 
beſore ; 5 Acres, -3 Rood, and 30 Perches. 
The, like is to be. obſerved in any other 
Number of Square Links, to Reduce them 
to Acres, Roods, and Perches. 

"GAS KW 3 
g—24 
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s © Square 
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I00900 
90000 
800029 
7QOOO 
60000 
$OOOO 
40000 
ZOCOD 
20000 
10000 
9375 
8750 
8125 


6875 


Having the Length of any piece of ground ju 


Perches, To find how many Perches in 


Square Links. R. 
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1 [SquareL. 


F625 
FOMO 
4375 
3750 
3125 
2500 
1875 
I25JO 
625 


[5 
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Note that 220 yas 
1 or 11 Score- It 
| Length. and 22 yds. 

in Breadth makes 
an ACTEC, 


Breadth will make an Acre. 


As the Length in Perches (which ſuppoſe 
50) 1s to 160 upon the Line of Numbers, 
the ſame extent the ſame way will reach 
from 1 to the Breadrh in Perches in this 
Example, 3: 


2.*.» OC 3, Part ofa Perch : Di- 


Pr—_ 
ng 
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vide 160 by 50, Quotient 343, which is 
the fame. But in Chains and Links : AS 
the length in Chains is to 10, fo is one 
Acre to the Breadth in Chains and Links : 


' As the Extent from 12 Chains 50 Links to 


10; will reach from 109 Links, or 1 Acre 
to 80 Link* the Breadth required. Leyburn 


pag. 276, | 
SECEA, $ 


Toknow whether you have taken the Angles of 
4 Field truly. | 


Add all the Angles together, and 1f. the 


{ fam of them all do agree with - the Sum of 


180 degrees multiplyed by a Number: leſs 
by two than the Number of Angles in the 
Field, your work is. tri, otherwiſe not : 


This is where all the Angles are inward , 


but if any of the Angles be outward, then 
take the Complements of ſuch Angles to 
180 Degrees, Which is to be added to' the 
reſt of the Angles inſtead of the Angles 
themſelves, and theſe outward Angles (if 
never ſo many) muſt not be accounted as 
Angles in the Multiplication, but wholly 
rejected, 


Of Surveying. BOOK II 


To Reduce Chains and Links (of Gunters 
Chain) into Feet and Taras. 


Set down the Number of Chains and 
Links as one whole Number, (as ſuppoſe 
Chains 32 Links, ſet them down 5.32) mul- 
tiply this 5 32 by 66,the Produd&t is 351 12, 
from whence cut the two laft Figures to- 
wards the Right hand, fo ſhall the Figures 
to the Left hand remaining be Feet, and 
the Figures cut off 100 parts of Feet, viz. 
351-::; Feet, Theſe divided: by 3, brings 
theminto yards, viz. 117 yards. Or mul- 
tiply 532 by 22, is 117] 04, and cut off 
the two laſt Figures, brings it into yards at | 
ONCe, iz. I 17 as before, and +7; parts of 
2 yard the Fraftion, But let the Number 
of Chains S what®hey will, if the number 
of Linksbe leſs than ro, you mult place a 
Cypher before the number of Links, as ſup- 
poſe 9 Chains 5 Links; place them thus, 
9{ 05, then multiply them by £6, as 1n the 
other Example, will produce 59730, from 
which cut off the two laſt Figures,” and 
there will appear to be 597 Feet, {.; parts; 
and ſo of any other : As for Example, 


9.05 
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9.05 
. 66 


$430 
3430 


597-30 


Note further, that to lay down any num- 
ber of Chains and Links, is beft donerom 
a Diagonal Scale, any other Scale of equal 
parts not being ſo convenient, becauſe the 
ordinary Scales are only divided firſt into 
Io parts, and: one of thoſe parts into 10 


leſſer parts ; but the Diagonal Scale is not 


only firſt divided into 10 parts, and thoſe 
again into 1oleſſer parts z but: thoſe leſſer 
parts alſo divided into + ther parts, by 
means of the croſs Diagonal Mine's ſo that 
each of the largeſt Diviſions 1s really and 
viſibly divided into 100 parts, and there- 
fore taking thefirſt for Chains, the laſt are 
Links, and out of it you may take any Num- 
ber mealured by your Chain to a ſingle 
Link, to which a little pradcice will eafily 
bring you. | | 
As to give you one Example, Suppoſe you 
were to take from your Scale 3 Chains, 76 
Links. Firſt, Take three of the large Di- 
viions In your Compalles for the three 
» _ Chains: 
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Chains : Then for the Links obſerve, that 
the ſmall Diagonal. Diviſions are numbred 
from 1 to 10 upon the Top, and likewiſe 
' 22344 «78910 {fo 1 to 10 upon the 

fide, now reckon upon 


= - the ſide upwards from 1 
| $47 to 7 , and thoſe ſignifie 
lf It Tens, arid run along that 
| Wl . . . 

| ETTIT Line till you come juſt nn- 
i zL 11+ +577 der 6 on the: Top, and 


thoſe ſignifie Units , and 
{ where thoſe two Lines 
a - | | | | | meet, there is the place] 
Wi 14:1 1-1 | 1] {[fignifying 76- Therefore 
'\W I-j14 14 | || | rhe Extent of your Com- 
| El | paſſes from 4 toB is ex: 
l/ ILL a@iy 3 Chains, 76 Links, 
l! \ d from D to C is} 
i HEISER hains, 24 Links, and 
i T5 | from eto Fis 2 Ghains 18 
| | | | | Links; and fo of any 6- 
M 1 | ther number that you have 
if 2 |E| | occaſion to protra&t, be 
Wl | | | the ſame more or leſs: 
Wil || The Rule is the fame al- 
wates, counting.upon the 
ſideupwards for Tens,and 
from the left ſide towards | 
[dk the right you muſt reckon 
| Unites, and obſerving to 
meaſure Chainsand Links alwales _ the 
ame 


—_ 
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fame parallel Line, which is drawn front 
one end of the Scale to the other. Ce 


» po 
] 
ts 


SECT. 6: 


To take the Plot of any Champian Field of 2000g 
or 3000 Acres by the Plain Table, - and ne- 
ver change Paper. Nt 


Place your Inſtrument at every Angle, 
and fo getevery Angle and his lides, ngt-re- 


| garding the length of the containing fides 
| as you be wont. Then Meaſure every 
| Hedge, and as you uſe to lay the lame down. 


| by your Scale and Compaſs , here yoy-ſhall 
but write the length of every Hedge npon 
the Lines drawn upon your Paper, ſo they 
need not run off the ſame, becauſe yon may 
draw themas long and as fort as you pleaſe, 
but when yon comeat home, you muſt pro- 
tract them according to due proportion. 


Angles taken by the Interſetion of Lines often 


fall out ſo acute, that it s bard to find the 
true point of Interſcttzon. "IF 26 


Therefore when. you have taken a Field 
at two Stations by interſection of Lines (as 
1s taught, pag. 223.) Then from the _ 
. ta- 
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Station beyond the ſecond, or from the 
ſecond Station beyond the firſt , obſerye 
Jome Mark or Tree inclining towards the 
propoſed Field (which let make rather a 
Right Angle than obtuſe Angle with your 
Stationary Line) and ſo pet the Angles it 
makes with both. your Stations, making 
your Stationary Line one fide of the ſaid 
Angles: Then go to the mark eſpied for a 
third Station, and there obſerve ſuch Cor- 
ners chat you thought would fall out Acute 
by Seftions of Lines ifluing from the firſt 
ſtations, and thereby get the Angles they 
make with your firſt and ſecond ſtations; 
for by help thereof, you ſhall correct the 
acute Section ofthe former Lines. 

- And note, that where a Field lies fo that 
you cannot from 2 Stations ſee all the Cor- 
ners thereof, wh# you cannot do at the 
firſt and ſecond ſtation, you may do with 
as many more ſtations as need requires, as 
a third, fourth, or fifth Station, or more, 
as you ſe cauſe. 


SECT. 8. 


Totakethe Plot of a Wood, or Wateriſh Ground , 
when by Reaſon of ſome obſtrutt;on or other, 


you Cannot come within it, 


Your way is to go round about the ay 


BOOK Il. Of Surveying. 241 


and make your obſervations at every An- 
gle, the Diſtance-between Angle and An- 
gle meaſured by your Chain will be the 
{des of the Plot, and protracting both the 
Angles and Sides upon Paper , will give 
you the true Figure of the whole, which 
you may meaſure by the Rules aforegoing.- 


#FEF;i a 
Take notice, that the moſt, or however, 


very many ſmall incloſures are TrFpezia, 


that is, having 4 unequal Sides, and 4 un- 
equal Angles: Now any of theſe may be 
eaſily reduced into two Triangles, and. {o 
meaſured as I have formerly ſhewed you : 
But for the more ready caſting up the Con- 
tents of theſe, note, that the Diagonal 
Linedrawn from Cornengto. Corner, where- 
by the Trapezia is divided into 2 Trian- 
gles, is by that means the common Baſe 
to them both. Therefore add the two 


perpendiculars together, the half of which 


multiplyed by the whole Baſe, the Produ& 
will ſhew the Contents of the whole Tra- 
pezia ; or if you add both the perpendiculars 
together, and by that multiply the whole 
Baſe ; halfof the Product will be the Con- 
tent of the Trapezia. 


| & of a 
Another way to meaſure a Field of 4 


Cl 


M unequal 


”— OO ; 
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onequal ſides is this : Firſt, Meaſure the 
topand the bottom, and add thoſe two to- 
gerher, and take the half, then meaſure the 
two oppolite {ides, addingthem alſo toge- 
ther, and take the half, Theſe two halts 
multiplyed the one by the other, the Pro- 
duct will give you the true Contents - As 
ſuppoſe one ſide be 16 Perches, its oppo- 
ſite ſides, theſe added, makes 22, the half 
whereof is 11: Then ſuppoſe one of the 
other lides 28, its oppoſite (ide 18, theſe 
added is 46, the half whereof is23, which 
multiplyed by 11, ſhews 253 to be the 
whole Content. Note, that to protract a 
Trapezia, you muſt by the Theodolite, ot 
ſome ſuch like Inſtrument obſerve one of 
the Angles, which being known and pro- 
tracted, prick oF the 2 containing ſides, 
and from the end or the Extremities of 
thoſe 2 ſides, you may draw the'other tb 
{des by 2 Arches, croſling one anotherat 
their ReſpeCtive Diſtances, as in a Square 
or Triangle, as 1s 'elewhere taught. 


A Tabk} 


abk 


- Partsof [nteger Pearches, that is, in any Num- 
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A TABLE of FRACTIONS. 
O R, 


ber of Pearches, ſo far as the Table Ex- 

tends. What a Quarter of a Pearchawan- 

ting, or over, will amount unto in Day- 

works, Pearches, Yards, Foot, and Inches 
Square. | 


— 


— \ — ——— 


| 
- 
| 
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It you have occaſion for half Pearches, 
take theſe Sums twice ; if for three quarters 
take the ſame Sums thrice, and the total will 
be your deſire. | 

Note that 3 Barly Corns isan Inch, 12 in- 
ches a Foot, and 3 Foot a yard, 5; Yards a 
Pearch,4 Pearches a Day-work, 10 Day-work 


2 Rood, 4 Rqod or 40 Pearches an _ 
is 
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This Table may be very uſefnl for thoſe 
that have their Chains and Meaſuring Lines 
divided only into Pearches, half Pearches, 
ind Quarters : But the moſt exaCt way is, to- 
caſt up by Chains and Links for ſuch as have 
Mr. Gunters Chain, which way you have 
taught, pag. 231, 232. But | leave every 
one to uſe which way pleaſes him beſt, and 
ſo conclude Sarveying. | 


As an Appendix I ſhall add theſes Pro-- 
-politions following. 


FP = OS - 


How to. take the Superficial Contents of Hills and- 
V alleys according to Mr. Diggs. 


Suppoſe ABC weregsa Mountain, firſt, 
meaſure the Circuit of the Baſe AC 100 
Pearches: Then meaſure the Compals- of 
the Summity or Top BB 16 pearches 4. 


which added together, makes 116 pearches: 
'Then meaſure the aſcent of the Hill AB 75; 
M-3 | pearches; - 
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pearches, and Its oppoſite Aſcent CB 35 
pearches, adding theſe two Aſcents toge- 
ther 130, halfof which is 65, which mul- 
tiplyed by Halfof the Circuit 58, the Con- 

tent will be 23 Acres, 2 Roods, and 10 

pearches the true content of the Hill. 

For meaſuring a Valley inſtead of the 

Circuit at the Baſe in a Mountain , you . 
, muſt meaſure the Circuit of the top of the 

Valley, and inſtead of the Circuit of the 

top of ghe Monntain,you are to meaſure the 

Circuit of the depth of the Valley; and in- 

ſtead. of the Aſcenſes of the Hill, meaſure 

the Deſcenſes of the Valley, which makes | 
it an hollow hill turn'd upſide down, and 
to be meaſured by the Rule aforegoing. 


| PROP, 2. 
To find the HorizÞntal Line of a Hill or 
Mountain. 


This is no more but reſolving a Hill in- 
to 2 right Angled Triangles, and then to 
find the Baſe of both thoſe Triengles which 
is the Horizontal Line, or the Line on 
which the Hill ſtandeth. Now todo this, 
place your Quadrant at the foot of the Hill | 
on one Side, and through the Sights eſpy- 
ing the top of the Hill (or a mark ſet as | 
high above it, as your Inſtrument ſtands 
above the ground) Obſerve what degrees 
are cut by the Thread upon the Limb - 
. S jm t ? 
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the Quadrant (ſuppoſe 47 4.) then the An- 
ele-at the top muſt be the Complement 
thereof to go, viz. 4.3 d. then meaſure the - 
diſtance betwixt the top and the bottom, 
which ſuppoſe 71 feet, being the Hypothe- 
- nuſal of the Triangle oppoſite to the right 
Angle go, ſo having theſe given, you may 
eaſily find the Baſe and the perpendicular 
alſo, if required: For as go Degrees is to 
-71 Feet, ſo 1s 474. to the perpendicular, 
or 43 tothe Bale required. Now, having 
got this part of the Horizontal Line, you 
muſt get the other part by proceeding af- 
ter the ſame manner from the other ſide of 
the Hill, taking the Angles, meaſuring the - 
Aſcent, and finding the Baſe as above, and 
theſe two Baſes added together, makes up 
the true Horizontal Line of the Hill or 
Mountain. . 


PROP. »$. 


To find the Level betwixt any two places, and 
whether Water may be conveyed from a 
Spring-head, to any appointed place, 


There 1s an Inſtrument called a Water- 
Level whereby this is beſt effeted, though . 
It may be alſo done by a Quadrant : For 
the Water-Level it is only a ſmall Pipe of 
Glaſs made cloſe at both erds with Wax, 

— MY and. 
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" and filled with Water, exce;:ting a very 
fmall vacuity, which will ſhew it lelf in the 
middle, whea ir lies Level ; bt upon the 
lealt lezning either way, you will fiad it 
moveaccordingly. Now this laid in a piece 
of Wood, having ſights at either end,-15a 
fit [Inſtrument for this purpoſe: This Wa- 
ter-Level placed at any convenient diſtance 
troim the Spring-head in a right Line to- 
wards the place to which the Water 1s to 
be cogreyed as 50 or 100 yards, and ha- 
ving two long Staves, cavſe one of the 
Staves to be ſet up at the Spring head, the 
other let be erected as many yards beyond 
your Inſtrument towards the place to which 


the Water is to be conveyed : Theſe Sta- | 


tion Staves erected perpendicular, and your 
Water-Level preciſely horizontal , look 
through the Sight& to the firſt ſtaff, cau- 
l;ng a Leaf of Paper to be run up and down 
the Staff till it be eſpied through the Sights, 
there obſerve how many Feet, Inches, or 
Parts the Paper reſteth upon, which note 
in your Book : Your Water-Levei re- 
maining immoveable, go to the other end 
of it, and cauſing a paper to be moved up 
and down the other Staff as before, note 
how many Feet, Inches, and Parts the pa- 
per reſteth upon : Then if the ſecond ſtaff 
be more than the firſt, dednCt the leſs from 


how. 


the greater, and thz Remainder will ſhew 


FS ag © fwd wo hd © Aa SAR. a mx JeAa<@A>O . T4 .c.2 a a TIT EET OO AO = TID ONE TTERG 
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how much the ſecond ſtaff is lower than the 


firſt, and ſo by making ſeveral Stations you 
may find your deſire at what diſtance you- 


pleaſe... 
PROP. 4 


Another way by the Quadrant is this,- 
Firſt, Go to the place whither you would 
convey your Water, and let any perſon: 
ſtand toward the Spring-head any Npmber 
of Yards, and obſerve the top of a ſtaff in 
his hand equal to your eye by the Quadrant - 
Note the Degrees, and io take the Height 
as before at ſeveral other Diſtances, till * 
you come to the Spring-head it ſelf, and * 
protraCcting the ſeveral Angles of Altitude : 
as yon took your Stations and your diſtance 
of yards upon the. Grou#d betwixt - Station 
and Station : And in concluſion, you ſhall 
have the difference of Height betwixt the 
Spring-head, and the place whereunto you. 
deſire to have your Water conveyed. This 
is of excellent uſe to find: whether Coals 
may be ſaugh'd or drain'd of Water. Firſt,” 
Boaring, or otherwiſe finding the Depth. 


of the Coal from the ſurface of the Ground,'. + 


and ſubſtrafting that Height from the: 
night found betwixt the place above ground * 
where the Coals lye, and the place whither 
you delire to-bring your Water : All Coal be- 
Ms. _ 10g: 


bo 
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ing obſerved to lay true Level, let the ſur- 
face of the Ground riſe or fall as it will, 
excepting where it is extraordinarily 
thrown up or down by that which they 
call an Horſe. This therefore may be done 
either of theſe wales aforementioned, that 
is, either by the Water-Level, or Qua- 
drant, only. obſerve,that at every Miles end 
' there ought to be allowed 45 Inches more 
than the ſtrait Level for the Currant of the 
Wateg which in a ſhort diſtance 1s not 
conſiderable. 


OF 
NAVIGATION. 


— 


—_— ER 


CHAP. VIL 


Aving now finiſhed whiat 1 intend to: 
|  fay conceraing: Surveying, and ta- 


king of Heights and Diſtances at- 
Land.I come now to treat of that other part 
of Geometry, which is, ths taking of Heights. © 
and Diſtances at Sea, to wit, Navigation : 
And I hope this Diviſion of Geometry into, 
Surveying and Navigation, and the Definiti-- 
on of them to be taking of Heights and Dt-- 
ſtances, the one at Land, and the other at 


. Sea ;, may not by the Candid Reader be 


thought incongruous or improper, but pro- 
per and Genuine to the preſent purpoſe for: 
making them plain and obvious to. the Ca-- 
pacity of the meaneſt ; which 1s theprinci-- 
pal aim and deſign of this ſmall Treatiſe.. 
But to proceed, the whole Science of Aſtro-- 

- nomy 
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nomy -1s a great Ornament and Accom- 
pliſhment to him that profeſſes Navigation; 

ut of abſolute Neceſſity Navzgation muſt 
borrow of Aſtronomy the taking of Heights, | 
viz. in theſe two particulars, (that is) Firſt, 
The taking of the'Height, or the Meridian 
Altitude of the Sun: And thereby in the 
{:cond place, to find the Height or.Eleva- 
tion of the Pole : Yet this latter, in the 
ſame ſenſe that tit is called Latitude, may 
be thefinding or taking of a Diſtance in 
Navioation, being indeed no more but the 
Diſtance North or South from: the Equino- 
ctial, or any other ſuppoſed parallel ; as 
Longitude is the Diſtance Eaſt and Weſt 
from the firſt: Meridian, or any other 
{yppoſed Meridian : And as the Rumb leas | 
ding from one place to another may be cal- 
led the Diſtance ria upon ſuch a point of 
the Compaſs. Now the taking theſe Heights | 
and Diſtances is the Sum and Subſtance of. 
the Art of Navigation. And to Treat of 
theſe particulars in order, ſhall be the me-. | 
thod of my intended Diſcourſe upon this: 
Subject. 

Now theſe may be more ſuccin&tly com- 
prized in theſe four Terms, being the } 
ſme which are uſed by Norwood, Hues, and. } 
others. To wit, | 


: 1, The. j 
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1- The Difference of Latitude. 

2. The difference of Longitude. 

3.. The Rumbs. 

4, The Diſtance run upon the faid 
Rumb. | 


Any two of theſe being known or gi- 
yen, the other two may alſo be found ; 
whence obſerve, That there is a two-fold 
finding of each of theſe. Firſt, As they are 
Data, to be given or known, and 1d they 
are found by obſervation. Secondly,. As 


' they are Qneſta,ſought or required,and fo 


they are found by Trigonometry, or Arith- 
metical Calculation in the Reſolution of a 
Plain Right: Angled Triangle ;z ſo that in 
concluſion you will find that Navigation as. 
well as Surveying is ſtgl no more but the 
Reſolution of a Triangle: But to proceed . 
Methodically : Seeing there muſt be alwaies 
twoof theſe given or known, to find the: 


reſt; It will be very neceffary to ſhew you 


how in the firſt place they may. be found as 
Data by Obſervation. 
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SECT. 4. 


And firſt for finding the Latitude or the Ele- 
vation of the Pole. 


EE > = 8 


This ts done by obſerving the Meridian Al- 
eitude of the Sun or Stars either by an 
Aſrolabe, Croſs-flaff, or Quadrant. 


How to take the 'Meridian (or any 6- 
ther) Altitude of the Sun or Stars by the | 
Croſs-ſtaff by forward Obſervation, is the 
ſame as in the Seneral uſe of that Inſtry- 
ment-in taking of Altitudes,.as is taught 
pag. 212,213 : And how to take the ſame Al- 

_titude by Thread ag] Plummet, and back- | 
ward obſervation,is alſo taught particular- 
ly pag. 212. $9.4. Buttheeaſieſt and rea- | 
dieſt way to take the Meridian, (or other) 

'- Altitude of the Sun is, to doit by the Aſtro- 
labe or Quadrant thus, by that which is 

_ called backward Obſervation, and without | 
looking through the fights : Let the Sun 
ſhine through that ſight which is next the 

. Center, and bring that Beam to fall right | 
upon the hole of the other ſight, and the 
Thread will fall upon the true Altitude | 
in the Quadrant, or in the ſame —_— - he 

ys £5 ndex 


Cc 
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Index: in the Aſtrolabe will cut the De- 


grees of Altitude. 


Now to find the Meridian Altitude of the Sun, 
(though the Sun do not ſhine) may be done 
by knowing the Declination and Latitude, 


For if the Declination be North, you 
muſt add it to the Complement of the La- 
titude, (which is alwales the ſame with the 
Height of the Equinoctial ; ) .and_if the 
Declination be South, you muſt ſtrat - 
it from the Complement of the Latitude, 
which will give you the Meridian Altitude 
at any time, As ſuppoſeat London the Ele- 
vation of the Pole (or the Latitude)1s 5 24. 
the Complement whereof to go d. is 38 4. 
(which 1s alſo the Height of the Equino- 
Qial:) Now the ſecong of May the Sun be- 
ingin 204, 42 #7, of Taurw, his declina= 
tion Northwards is 1174. 56. 21”. which 
added to 38, makes the Meridian Altitude 
of the Sun to be 55 Degrees, 56 Minutes, 
and 21 Seconds. 

If it be at the time of the Equinodial , 
(viz. 11th of March, or the 13th of Septem- 
ber) the Height of the Sun or Star (when 
they are upon the Meridian) ſubſtratted 
- from yo Degrees, will ſhew the true Lati- 


tude ; but at any other time you muſt find } 


out the Declination of the Sun or Stars þ 
| | . an 
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and it the Declination beNortherly, then 


ſabſtraCt it from the Altitude : If Southerly, 
you muſt add it to the Altitude ; by which 
Addition or SubſtraCtion you ſhall have the 
Height of the Equinoctial above the Hori- 
Zzon, and. that being ſubſtratted from- 90 
Degrees, will ſhew the true Latitude ofthe 
place where. you then are. 


PAOBEDL 2 
. To find the Elevation of the Pole by the Globe; 


Firſt, Taking the Meridian Altitude of. 


the Sun, and bring the place of the Sun in 
the Ecliptick, or the Star to the Brazen 
Meridian, and lo move the Brazen Meri- 
aian together with - the Globe through 


the Notches it ſtands 1n,- till the place of | 


the Sun, or the Stgp be elevated ſo many: 
Degrees above the Horizon, as the Suns or 
Stars Meridian Altitude is : The Globe ſtat- 
ding in this poſition, the Pole will be ele- 
vated according to the true Latitude of 
the place. Example, : | 

The 12th of Fune | find the Suns place in 
the beginning of Cancer, and the Meridi- 
an Altitude of the Sun at London 62 degrees; 
bring the firſt degree of Cancer to the 
Meridian, andelevate the ſame 62 degrees 


above the Horizon, ſo you will find the | 


Pole elevated at London 51. Degrees, 39 
Minutes : 


£ 
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Minutes: Or by the former Rule, having 
the Suns Meridian Altitude 62, and finding 
by the Table of the Suns Declination or 
otherwiſe, that the 12th of June the Sun 
hath his greateſt Declination, viz. 23 4. 
30 1, ſubſtrat this from 62 4. reſts 38 4, 
30m. for the Height of the Equincctial ; 


| and that again ſubſtracted from go 4. leaves 


51. 30 for the Latitude or Elevation of 
the Pole: | 

And ſeeing the finding of the Latitude by 
the Sun depends upon knowing hi® place 
in the Zodiack, or his Declination ; and 
tf you would find the Latitude by the ſtars, 


\ you muſt alſo know their Declinations. | 


Therefore [ ſhall give you two ſhort Rules 
for the two former, and a ſhort Table for 
the latter in this place, but muſt refer the 
Reader to larger Rules gnd Tables when 1 
come to ſpeak of them in Aſtronomy. 


#-R & & $6 + 
Ta find the Suns place by theſe two Verſes. 


* S& TL 5 NL ny 
Evil, attends, its, objeC&t, unvail'd,. vices 
_ mn. Ch Vw X 


Vain, Villains, jeſt, into, a, Paradiſe : 


Theſe 12 words ſignifie the 12 months be- 
| * ginning 
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ginning at arch, and the 12 ſigns in orde 
the Sun enters into every Moneth, and to 
know what day of the Moneth he enters: 
If the firſt Letter of the word proper to 
the Month be a Confonant as Paradiſe be. 
longing to February, in that Moneth he en. 
ters the 8h day,but if it be a Vowel, (as al 
the reſt are) add ſo many days to 8, as th 
Yowel denotes. in order of the 5 Vowel; 
aeclou 
12345 
Moneth the Sun enters any of the 12 ſigns, 
and reckoning that the ſun goes thorough 
one Degree every day, you may find the 
Degree the ſun is in, and (by the hours of 


the day from Noon) the Minutes of that] 


degree. 
PROD 4b 4 


To find the Suns Declination by Logarathmt, 
or the Lines of Artificial Sines. 


As Radius or go Degrees 1s to the Suns 
greateſt Declination (which is alwaies 23 
Degrees 30 Minutes) So is (the Number of 
Degrees or Minutesfrom the next Equine 
ftial point to the ſuns Tlace) to the ſuns 
preſent Declination : Suppoſe the ſuns place 
be o degrees, or the beginning of Tanks, 


that is, 30 degrees from the next Equino-| 


Qual 


C 


& which will ſhew what Cay of the 


F 
C 
y 
2 
t 
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Aial point of Aries', his Declination 


| tal will be found to be 11 4. 30 ». for as go to 
rs:] 23, 30, ſo 30 to 11, 30, the like Propor- 
tol tion will hold in any other. 

be- | & 

el PRQODE4 L. $%. 

al 


thil To find the Declination of ſome notable Stars, 


ell obſerve chis Table. | 


the ELD * North: . . South 
_ [The firſt Horle in theſ57|27] Spica Virginis. Cl 8 55 
' wain, | | 
Bl [The third in the wain.[51} $ - 
hel [ArQurus, 21/53] Heartof [25 30 
off |The Eagle. 7.57] Orionsrightſhoul-| 6 16 
at] [The Bulls Eye. 1554] der. | | 
Caſtor. 32 3o| Orions left foot. | 9 10 
' [Pollux. 28 30] The great Dog. [15 56! 
'[The Lyons Heart. [13 40] The little Dog. | 5 53 
Theſe ſtarshave North | Pheſe have South | | 
. Declination. | 'Declinarions. 2 
ol — 
Thus much for Latitude. 
Iv 
SECT. 2. Wo 
f : | ; 
; In the next place, for finding the Longitude. 
it lf the Longitude could be as certainly 
found as the Latitude , it wonld render 
1 NVavigation perfett ; but notwithſtanding 
| that many have pretended thereunto, yet 
| * NONnCe 
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none have attained to it in reality as far as 
I can yet find: Theaker in his Planiſphere, 
which he calls a light to the Longitude, 
tells you he can 'by that Inſtrument az 
certainly do it, as to find the Riling, Set- 
ting, and Southing of the Stars, but if he 
can, he does very il] expreſs it, and I muſt 
conclude, that, aliquid latet quoa' non pater, 
and perhaps he might keep a reſerve to 
himſelf on purpoſe. 

The moſt Rational waies of finding the 
Longrtude which I meet with) are theſe, 
Collefted out of Yarenins , and Carpenters 
Geography. 


EFSU SL. I: 
Firſt, By an Eclipſe of the Moon. 


C- 
By obſerving how much ſooner the eclipſe 
beginneth at a place of known Longitude, 


(which you may find by an Ephemerides) | 


than at the place where you are; where 
you may find the time of the Eclipſe by ob- 
ſervation with the Teleſcope, and know- 
ing the Latitude at the ſame time by the 
Stars, you may find the true hour of the 
Night. This done, the difference of. this 


time of the Moons entrance into the Ecliple, } 


or the middle or ending of the ſame at 


the place where your obſervation was made, 
being 


C 


B 
b 
Al 
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being converted into Degrees and Minutes, 
and either added or ſubſtrafted from the 
hour of the beginning, middle, or end of 
'| the” Eclipſe at the other place of known 
Longitude found by the Ephemerides : I 
| fy the Degrees and Minutes of the diffe- 
rence betwixt the, hour at one place, and 
the hour at the other place added. or ſub- 
ſtrated from the Degrees and Minutes of 
the known Longitude, gives you the Lon- 
| gitude of the place required. S 


FRODB kr tk 
By a Clock, Watch, or Hour-glaſs. 


If you have a very true Watch, and 'be 
to fail from a place of known Longitude, 


| When you depart from That place, by an 


Aſtrolabe, or otherwiſe by the Sun or Stars 
obſerve the hour of the day or night, and 
ſt your Watch exactly to the ſame hour, 
when you havea mind to know what Lon- 
gitade you are in, obſerve again by the 
Aſtrolabe, or otherwiſe the exa& hour ; 
and if the Watch agree with the obſerva- 
tion, there is no difference of Longitude z 
or what difference betwixt theſe two you 
\ find added or ſubſtratted to or from the 
Longitude of the place you came from , 
ſhews the Longitude of the -place you are 

F) now 
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now at: This way you ſte depends upon 
the exadt taking the hour at both places, 
and upon the exaCtneſs of the Watch; 
therefore in this latter reſpect an Hour- 
glaſs is accounted fitter for Sea. 


PROB L. 3. 


Thirdly, .By obſervation of the —— T 
the Sun and Ioons motion: 

Firſt, You muſt take for granted, that 
the Motion of the Moon is 48 minutes of 
an hour ſlower in 24 Hours,or 360 Degree 
than that of 'the Sun. Secondly, You mult 
ſuppoſe that by Mathematical helps a man 
may know in any place 'the Meridian, {or| 
South point)and | 2 'the hour of the day, 
andat leaſt by-an Ephemerides the time f 
the Moons 'coming'to the South,-or tothe 
Meridian. Now 1uppoſeat London youtind 
(by an Ephemerides calculated for that] 


place) that the Moon comesto:the Meride| 


an (on ſomeſet day) at foura Clock ater 


Noon : And you heing in the ſoon com! 


the fame-day you obſerve the Moon: come 
to the Meridian at 10 Minutes after fonr- 
Then ſay-by the Ruleof Proportion, If the 
difference-of the Sun and Moons -motionbe 
48 Minutes of an hour in 360 Degrees, 
what will it de in 10'Minates-: Oct 48g: 


"> 


360) 


cz + a... oe... A fr od 
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onf 360» what gives 10? The fourth propor- 
s,| tional Number will be 75, which is the di- 
1+} ſtance of that place from London, from 
W. which number the Longitude of London 
being ſubſtrafted ( 20 degrees ) and the 
| Remainder (55)again ſubſtratted from 360, 
the Reſidue will ſhew the Longitude (305). 


| By the Diſtance betwixt the Moon, and ſome 
atl known Star ſcitnate near the Ecliptick. 


«| But this, and ſeveral other waies men- 
| tionedin Yaremus as by the Moons place, 
nl her entrance into the Ecliptick, & per Pla- 
mr 7etas Fovrales : | ſhall not trouble the Rea- 
q der with, but refer him to the Author, 
#| 418420, 421, and paſſhn. Now the Dif- 
ference of - Latitude, or the difference of 
Longitude, is:{ſo many Degrees, Minutes, 
| or Miles as the Latitude 'or Longitude of 
one Place differs from the Latitude or Lon- 
gitude-of another 'place, the {atitude or 
Longitude being obſerved'or known at both 
places ; as knowing the Latitude of the 
place from whence'you ſet 'Sail, and having 
failed a certain number of Leagues, there 
youtake an obſervation of the-Latitude as 
1s beforementioned : Now if both the pla- 
ces-be on the  North-ſide the Equinottial, or 
| . ® ON 


Q. a 


a” 
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on the ſouthſide the ſame ſubſtract the leſ- 
ſer latitude from the greater, the remain- 
der is the difference of Latitude: If one of 
the places be under the Equinoctial, and the| - 
other on the North or South ſide thereof , | 
the difference of Latitude is the Latitude it 
ſelf. If one of the places be on this ſide 
the Equinoctial, and the other on the other 
ſide, the Sum of both the Latitudes added 
together is the difference of Latitude, or| 
the I&:ſtance North and South betwixt the | 
two places; andif the Longitude could 'ie 
as exafcly found, it would ſhew their Di- 
ſtance Eaſt and Weſt ; However the diffe- 
' rence of Longitude is the Diſtance of any | 
place upon the Line of Eaſt and Weſt from 
the Meridian of any other place propoſed, | 
but becauſe this cannot certainly be found, 
or however not wfchout much difficulty by 
obſervation it 1s ſeldom given, but requi- 
red in Trigonometry, and found by the Re- 
ſolution -of a Triangle, as ſhall be ſhewed 

hereafter in its due place, and ſo much for 

_ the two former particulars, the Difference | 
of Latitude and Longitude. 


| S SECT, 2: 
In the third place we come to ſpeak of the third 
conſiderable in Navigation, viz. the Rumb. 


Which in plain Exglzſ» is the point a bY 
. | Tac 
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the Compaſs upon which the ſhip Sails, 
and this is uſually one of the Data?s, or * 
things given, becauſe the Sea-mans Com- 


 - paſſe by which it is direCted or ſteered al- 


waies ſhews this. The finding out of that 
moſt admirable vertue of the Magnet, being 
the greateſt advantage that ever hapned to 
Navigation: Indeed the difficulty lies in 
this, that the Needle touched by the Load- 


| ſtone in ſeveral places admits of ſeveral 


Variations,which muſt be carefully JÞſery- 
& and taken notice cf. 


EEE FX: 4 
To find this Variation of the Needle or Compaſs. _ © 


There are ſeveral wales, As by the Axzi- . 
muth Compaſs , and by®the Sea-Rings de- 
ſcribed by Mr. Wright ; but theſe are char- 
geable. I ſhall in this place only ſhew you 
how to doit thele three wales, the one at 
Land, the other will ſerveboth at Sea and 


| Land. 


I. To find the Variation of the Compaſs, and 


withal, a true Meridian Line. 


Firſt , Deſcribe ſeveral Circles upon a 
Plain, and in the Centre place a Gnomon or 


- Wire perpendicular as AB. In the Fore- 
N : 


q) NOON 
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noon obſerve when the Extremity of the 
ſhadow of AB juſt touches one of the ſaid 
Circles, and make there a mark at C. In 
the Afternoon obſerve again , when the 
extremity of the ſhadow of AB- toucheth 
the ſame Circle, making there another 
mark at D. Divide the Diſtance CD in- 
to 2 equal parts, which ſuppoſe at E draw 
the Line EAF, which is the Meridian Line: | 
Then place a Needle GH upon the Center, 
and mark how many degrees the point of 
the Needle 'Gis from E, ſo much doth the 
Needle vary from the North in that place. 


II. To find the Variation of the Needle by the 
Globe either at Sea or Land. 


_ ſk Roctulic the Globe, and belong 
uns 
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Suns place to the Eaſt fide of the Horizon, 
and lookin the Circle of Winds, and a- 
zainſt the place of the Sun you have the 
point of the Compaſs upon which the Sun 
riſeth: Then obſerve by:the Compaſs what 
point of the Compals the Sun riſeth or ſets 
on Morning or Evening,and fce what diffe- 
rence there is by the Globe and by the 


© Compaſs, and that is the Variation (if any 
| be.) Allowing for this variatigg , the 


Needle will alwaies ſhew the Rumb, or the 
true point of the Compaſs upon which the 
Ship 1s ſteer d. 


Ill, To find the Suns Amplitude, and there- 
by the Variation of the Compaſs. 


As the Co-fine of the@Latitude is to Ra- 
divs, ſo is the ſine of the Declination to the 
ſine of the Amplitude, Suppoſe the Latitude 
514.32 7. Its Co-fine or Complement is 
33 d. 28 mm. the Suns Declination 15.4. 
10”, the Amplitude will be found to be 


244. 52m. North, becauſe the Declina- 


tion is North. Now the Circumference of 
the Compaſs divided into 360 4. obſerve at 
the Suns riſing and ſetting how many de- 
grees. the Snn 1s from the dire& point of , 


_ the Amplitude, and ſo much doth the Nee- 


dle varie in that place. This Obſervation 
1s beſt to be made, when the lower edge 
N 2 of 
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of the Sun ſeems juſt to touch the Horizon. 


| SECT. 4 | 
In the fifth and laſt place, To find tbe Diſtance 


Run. 


| This 1s to know what way the Ship 
mskes in ſuch a ſpace of time, or how ma- 
ny Leagues or Miles the Ship runs in an 
hour, &c.And this is uſually obſerved by the 
Log-Lineand Minute-Glaſs ; ſo many knots: | 
as the Ship runs in half a Minute, ſomany 
Miles ſhe faileth in an hour ; the ſpace be- 
tween every knot being 41: Feet, reckon- 
ing 12 Inches to a Foot, 5 Foot to a Pace, 


and 1000 Paces to an Engliſh Mile : But' | 


enlarging the Milg. according to Mr. Nor- | 
woods Obſervation , the diftance between 

every knot muſt be 50 Foot, and then as 
many of thoſe as run out in half a Minute, 
ſo many Miles or Minutes: the Ship fails in 
an hour, and for every. Foot more' the 
tenth part of a Mile : And if you pleaſe, 
you may-bring theſe Miles into Leagues ac- 
cording to the uſual Cuſtom of Sea-men ; 
and eyery time the Log is caſt, it ought to 


be noted upon the Log-board what way the | 


Ship makes. Now beſides the Log-line 
there hath been ſeveral other Engines in- 


vented , , ſome - with Wheels, and ſome 
| O- _ other 


% 
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other wales for this purpoſe;As I have ſeen at 
wheel to Meaſure Land withal, and may be 
applyed to know how many Miles a Coach | 


' goes in an hour, or the like. And for to 
meaſure any ſmall quantity of time, I find 


no better an Invention than that ofa Swing 
(being proved by Experience) that a Buller 
&c. hung in a ltring, and being moved from 


_ the perpendicular 'to any Angle (keeping 


the-ſtring ſtrait) and ſo let go to have its 
own Swing, will keep ſuch exact time in 
its ſwinging, that though it fetch a larger 
Compaſs at firft than afterwards , yet it 
keeps the very ſave time in every Swing, 
only the length of the ſtring is the thing 
that alters the time ; and therefore if you 
would have it go faſter or ſlower, you 


muſt make your ſtring ſhorter or longer : 


Asaſtring of 38! Inchgs long, (meaſuring 
from the Center of the Plammet) will ex- 
atly make co ſwings in a Minute of an 


' hour, and ſo proportionably if you would 


have fewer ſwings in the time, you muſt 
lengthen the ſtring, or if more, you muſt - 
ſhorten it. This is meant when the ſtring 
is faſtned to ſomething in the top of a 
Room, orſo: But if you hold it in your 


. hand, it is obſerved that 31< Inches in 


length will do the ſame as 38- faſtned to 

any ſteddy thing. This may very proper- 

ly beuſed inſtead of the half Minute glaſs 

aboard a Ship. 'N $ «Þ SCE. 
9 


— 
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Thus you ſee how you may find by obſer-- 
vation the Latitude and Longitude, the | 
Rumb, and the Diſtance run: Any two of 
which being known(by reaſon of the Right | 
Angle, which is alſo alwaies known : ) The 
other two may be eaſily found by Trige- 
nometry; or the Reſolution of a Plain Right 
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Anzled Triangle, as you may ſee in the 

- Triangle ABC: The Hypothenvſe alwalies 
repreſenting the Diſtancerun AB, the An- 
cle ar the North point A repreſents the 
_o. Rumb, 


EF 


WW, 0, WW". "W- wry TW | j 
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Rumb which (in the Triangle DAC is 
North-Weſt aad by North: ) in the Trian- 
gle BAC is North-Weſt : The Baſe BC is 
the difference of Longitude or Departure 
from the Meridian; the perpendicular A C 


' 1s the Difference of Latitude, and the An- 


gle at C you ſce isa Right Angle ; and the 
Angle at B ſhould be the- complement of 
the Rumb. | 

_- Now the Tranſmutation of the things 
to be granted or known , and to be en- 
quired after in theſe four Terms, @:z. the 
Difference of Latitude, the difference of 
Longitude, the Rumb , and the Diſtance 


. run) may be propoſed ſix manner of waies, 


and every Propoſition reſolved by the Re- 
ſolution of this plain Right-Angled Tri- 
angle, as folows in Sailing by the Plain 


Cart. 
»* 


FY & © 7 A. 


The Difference of Latitude AC and Diffc= 


' rence of Longitude BC being known, The 
 Rumb and Diſtance #. e. the Angle A, and . 


the Hypothenufe AB may be found. 


This is the ſame as having two ſides and 

a Right Angle betwixt them, to find the 
other two Angles, and the third fide, as is 
taught paz. 137. Or by Protraction, thus : 
| N 4. : Firſt, 
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Firſt, lay down the Baſe go Miles, being |] 
the difference of Longitude BC, and upon 
the point Cprotract an Angle of go 4. lay- 
”y down the perpendicular 87 A C, being, 

the difference of Latitude, and to touch | 
| che ends or extremities of both theſe 'draiy 
the Hypothenuſe or Diftance run 126 A B, 
{5 ſhail rhe Anglear A be the Rumb 454 


Vige pgs 132, 
E, F.@ © 7 


The Difference of Longitude BC, and | 
theRumb A being known ; Thedifference 
of Latitude, ſide AC, and the m— run, | 
s. AB. may be found. | » BÞ 


This is the ſamg, as to have 2. Angles 
and a ſide given, to find the other two 
lides : which is done bythe general Rule, 
pag- 141. For as the Angle at A, which re- 
preſents the Rumb 45 is to the Baſe BC: 90 | 


Miles, ſo is the Right Angle at C 90%. to | 


the Diſtance s, AB 126 Miles, and fo is the 
Complement of the Rumb, viz. 45 at the: | 
. Angle B to the perpendicular or difference 
of Latitude 87 Miles -AC., either to be 
wrought by Logarithmes, pag. 31. or by | 


the Lines of Numbers, Sines , and Tan- | 


gents, | 


a = ..v ww Ws t —_ MS. 0 - 
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gents, pag. 41. or by ProtraCtion, pag. 132: 
to which places | refer the Reader. 


? 


FSTF. + 


The difference of Longitude BC, and 


the Diſtance run s. A B. being known. 
'The Difference of Latitude s. A C, and- 


\ the Rumb Angle A, may be found. 


 Suppoſing the Right Angle at Cgo4. to; 


be known with- the other: 2 ſides WC and _ © 
|. AB. This is the ſame, as having two ſides 
' | andan Angle: oppolite to one of them, to 


find the other Angle'oppolite to the other 
ſide given: and the third ſide. Therefore: 


«i| + -by the Rule of 3 ſay, as 90, or Radius is to- 


5. AB. 126, ſois the 5-BC. go Miles to the: 


Angle A-45 d.- - 


P- R O 'P: 4+ 


The Difference of the Latitude AC, and 


the Rumb, the Angle at A being known, 


"The difference of Longitude B C, and-i 


the Diſtance run s. AB. may be found. - 


 lathis Propoſition (ſuppoſing the Right 


Angle alſo: given) -you have all the three: 
Angles given, the-third Angle. being the : 
| N:5: Com- - 


VS 


— 
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Complement of the Rumb to 90, viz. 54 4. . 
Therefore ſay by the Rule of Proportion, 
As the Complement of the Angleat A, viz. 
the Angle B 45 4. is to the s. AC, fo is 
the Rumb or Angleat A 454. to the s. BC, 
and ſo is Radiusor 904. to the s. AB. 


PROP. 5. 


The Difference of the Latitude AC, and 
the Diſtance run AB, with the Right An- 
gle Copeing known, 

The Rumb A, and Difference of Longi- 
tude B C, may be found. | : 


This 1s to. have two ſides and an Angle 
oppoſite to one of them given, to find the 
Reſt, as in Prop. 3. As the Angle C is. to 
s. AB, fois 5. AC to the Angle B, and fo | 
is its Complement ® to 5. BC, which Com- 
pleme it is the Rumb, and the fide BC is 
tLe di ference of Longitude required: 


FF KV 3 $ 


The Rumb, Angle at A, and the Di- 
ſtance run AB, with the Right Angle being | 
known, + PE” 

The Difference of .Longitude-BC, and 
Difference of Latitude AC. may be found. 


This 


[I . 


ROOK IM. Of Navigation, 3275 


This Propoſition is of all ether the moſt ' 


uſeful, theſe being the moſt nſnal Dara's to 


find the other ; moſt Sea-men keeping an 


Account only of the Rumb or Potnt of the 


Compaſs fail*d upon ; and: the Diſtance run 
by often caſting the Log-line. 

And it ts the ſame as having, 2 Angles and 
a ſide oppoſite to one of them given, to find 
the reſt of the Triangle, as prop. 2, 3, 5» 
therefore by the Rule of Proportion, ſay, 
As the Angle C9go4. is to s. AB the di- 
ſtance run, ſo is the Rumb or Ang® A to 


. thes. BC the Difference of Longitude,and fo 


is the Complement of the Rumb-to go, viz. 
AngleB, tos. AC the-difterence of Lati- 
tude. In this Propoſition, as alſo in any 
other, where the Rumb is given, as Prop. 
2, 4. having the Rumb given, and the 
Right Angle, you ag ajeo the third An- 
gle given, being tne Complement of the 
Rumb tog0, which makes it very eafie to 
be reſolved. And thus you ſee thefe 6 Pro- 
politions of Plain Sailing, (or if there can 
be more Tranſmutattons of theſe 4 princi- 


pal Termsin Nuvigation) may all be reſol- 


ved by Trigonometry : So that hence you will 
clearly diſcern, that not only Surveying, 
but Navigation alſo is performed by the. 


Reſolution of a Triangle, and that only a 


Plain Triangle ; and Navigation (altoge- 
ther) aud Surveying for the molt part, by a 
Right 


4, 
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Right Angled Plain Triangle only : where- 
by tne eaſineſs of both, and the excellency 
| of Trigonometry do moſt manifeſtly appear. 


SF FE 6 
A. Travis. 


What hath hitherto been ſpoken con-. 
cerning Navigation, reſpects only a dire& 
{ingie- Courſe where a man needs not La- 
vere, change his courſe atall; and fora | 
Travis, it is the ſame thing only wrought 
by ſo many more Triangles, every time you- 
change your courſe conſtitutes a new Tri- 
angle, as by the following Example. 

As ſuppoſe [ ſet out from Sommars Iſland, 
lying in the Latitude of 32d. 29 m. North | 
Latitude, and Sail & E 4o Leagues ; from 
thence I Sail SSE, till I alter my Latitude 
one Degree; and from- thence-upon ſome 
point: between North and Eaſt I Sail 40 
Leagues, till Ialter my Latitude one De- | 
gree, 45 m: I demand what Latitude I am ' 
im; my diſtance from the- place whence 
fer Sail : My departure from my firſt Me- 
ridian, likewiſe my Courſe made good- 
When all this 1s done-and protracted, the 
difference of Latitude is AR, rtckoning ; 
. 20 Leagues, or 60 Miles toa Degree, 1s 21: 
Leagues,. or 63 Miles 3. and therefgre in de» 

; : " grees. 


« 
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= grees; 14d, 3 m. which becauſe it is Souther- 
y | Iy, ſabſtraCt from your firſt Latitude, (if 
' | it had been Northerly, -you muſt have ad- 
.ded it thereunto.) And that. is your pre- 
ſent Latitude. | 


Secondly , The diftance run (as if you 
had gone direaly ſtreight) is AF 70 Leagues. 
taken from the ſame Scale: of equal parts, 
as AC or EF was taken. 

Thirdly, The Departure: from the Me- 
ridian 1s RF 67. | 

..  Fourthfy, The point of the Compaſs that: 
the Ship lies now from Sommars Iſland, is . 

from Hto F, viz, ESE half a Point Eaſterly.. 

De, . PROBL. 


- 
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 Sailingaway WS W, Iſeea point of Land 
which I find to bear from me WBM, and ha- 
ving Sailed 6 Leagues further | find it bears | 
from me \WBW, | would know how far it 
is Diſtant from me. op 
This is done in Plain Sailing after the 
ſame manner as to take an inacceſſible di- 
ſtance at 2 Stations at Gard, as in pag. 197. 
O 


PEGODS&4A 2, 


A Merchant Man being in the Latitude 
of 434. falls into the hands of Pyrates , 


who amongſt other things take away . | 


his Sea-Compaſs , but' when he is pot-* 
ten clear, he fails away as directly as he 
can, and after two days meets with a Man 
of War,who alſo had beenrthe day before in 
the Latitudeof 43 d. and had Sailed thence 
SEBS. 37 Leagnes. He being deſirous to 
find thoſe Pyrates, the Merchant Man tells 
him he left them lying to and fro where | 
they took him, and he had Sailed ſince at 
leaſt 64 Leagues between the Sonth and 
Weſt, what Courſe ſhall the Man of War 
ſhape to find theſe Pirates. | 
This 1s done much after the ſame manner 
as the. former, ſuppoſe AE the Parallel yy 
: 43 4. 


. 


« 


F 
Y” 
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' 43 4.D theplace where the Ships meet, 


the Angleat E, the Rumb upon which the 


Man of War Sailed SEBS 334. 45 mm. DE 
his diſtance 37 Leagues, AD the diſtance 
Sail'd by the Merchant Man. Now by theſe 
you are to find the Angle A, which you will 
find 20 d- within © point of SSW, 1o hath 


*<the Merchant Man failed, and therefore the 


Man of War muſt Sail NNE, within - 
point of the Compal. | | 
might add many more ſuch like as you 


\ find them in Norwoods Epitomy, to which 


I refer the Reader; done after the manner 


of Plain Sailing, ſuppoſing the Degrees of 
Longitude and Laritude are both equal. 


This Travis, as alſo the eight former 
Propoſitions are all wrought by that way of 
Sailing , which we call Plain-Satling , or 
Sailing by the Plain Cart,which is very eaſie 
and alſo exact enough for ſhort Diſtances, 
and near the Equinodtial 3 in other Voyages 

| ; IT 
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it is ſubject to Error, as ſuppoſing the De- | 
grees of Longitude to be the ſame. in every. 
parallel of Latitude ; or that the Degrees 
both of Longitude and Latitude are the 
ſame all the world over, which is a grand 
Miſtake, as Mr. Wright makes it appear in 
his Errors of Navigation, and withal- hath - ] 
found a Remedy for it, by drawing a true | 
Sea-Cart by the Meridian-Line, which he 
calls Mercators Chart , being according to 
Mercators Projettion. 

The Difference between Sailing by the 
Plain Chart, and Sailing by Mercators Chart ; 
that is,. the Difference betwixt keeping an 
account either by the: one, or by theother, 
conſiſts in theſe particulars. 

Firſt, In the Plaiz Chart both. the Meri- 
dians and Parallels, or. (in plain Termes). 
the Degrees of Longitude and Latitude; 
are all equal, and meaſured by the ſame Scale 
of equal Parts, and therefore by conſe- 
quence the Diſtance mult be alſo meaſured 
by: the ſame Scale, and fo all the three ſides 
of. any Plain Right-Angled Triangle re- 
preſenting theſe, viz. The Baſe, the Per- 
pendicular, and the Hypothenuſe are all 
meaſured by one and the ſame Line of equal 
Parts, | 

But finding this way, viz. by the Plain- 

Chart very erroneous, being. grounded upon 
| erronee 
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erroneous principles, as is ſhewed by Mr. 


- another , that is the meaning of Meridio- 


231 


Wright in his errors of A avigation, as alſo 
by Leyburn in his ninth GeometricalExercile. 
The Projection of the Mercators Chart , 
and keeping a reckoning at Sea by that , 


-{ diſcovers the true Longitude, Latitude, and 


Diſtance moſt exattly. For the Meridians 


\ being great Circles of the Globe are al- 


waies equal, and the Degrees of Latitude 
meaſured thereupon are alſo equal: 

But the Parallels (to the Equinodctial)are 
all leſſer Circles of the Globe, and t&wards 
either Pole alwaies grow leſſer and leſſer, 
( as may moſt evidently appear by the 
Globe it ſelf if you pleaſe to caſt your 
eye upon It : ) And therefore the Degrees of 
Longitude which are meaſired upon theſe 
Parallels do differ in every Latitude : 
Therefore one ſide of Afreaters Chart is the 
Meridian Line of unequal Parts, and the 
other {ide ts a Line or Scale of equal Parts 
only : Upon the Meridian Line of the Chart 
is meaſured the Difference of Latitudes , 
and the Diſtance upon the Rumb. The 
Difference of Longitude is meaſured upon 
the EquinoCtial Line , or Line of equal 
Parts: And in Trigonometry, becauſe the 
lides of all Triangles ought to be brought 
to the ſame proportional parts one with 


nal 
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nal Parts ; for inſtead of the unequal Parts 
of the Meridian Line, you take the equal 
parts of the Line of Lines anſwering there 
unto : Now how to find theſe Meridiona| 
Parts 1n reference to the Latitude you haye 
plainly ſet down pag. 283. The ſame Rule 


will alſo ſerve for the Diſtance betweenl 


any two places, provided that taking the 
{ame Diſtance in your Compaſles, you kt 
one Foot of your Compaſſes as much beloy 
the leſſer Latitude, as the other above the 
greav)r Latitude, | 
' Then by the former Rules, pag. 283, 
find the Meridional Parts anſwering to the 


Degrees on the Meridian L ine intercepted} 


betwixt the feet of the Compaſſes, and 
thoſe are the Meridional Partsanſwering to 
the Diſtance upon the Rhumb, and to be 
uſed inſtead thereof. | 

So that you ke fn ſhort; the difference be- 
twixt Sailing by the Plain Chart,and Mercar 
tors Chart,which differ in this,and this only: 
That in the Plain Chart both the difference 
of Longitude and Latitude, as alſo the di- 
ſtance are all meaſured by the ſame Scale of 
equal parts ; but in Mercators Chart the dit- 
ference of Longitude only is meaſured upon 


the ſcale of equal parts, and the difference of 


Latitude and diſtance muſt be alwaies meaſu- 


red upon,and taken out of the MeridianLine 


of the Chart: And when either the difference 
of | 


—_— 


-3 
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bf of Latitude or the diſtance is oppoſed in 


Proportion to the Longitude, inſtead of the 


| Degrees of the Meridian 'Line you muſt 


uſe the Meridional Parts anſwering there- 
unto, which by moſt are called the Meri- 
dional Diſtance, or Meridional difference 
of Latitude ; but by Mr. Leybarn in his 


Geometrical Exerciſes, pag. 18:: They are 


called the Proper diſtance, and the proper 
difference, which I ſhall retain in ſome of 
theſe following Problems taken out of the 


fame Author. P) 
S3CF 


X TJ : | 
tz Gunters Setor the Meridional Line © 


being placed on the ſame ſide with the Line 
| "of Lines, you may thereby eaſily find theſe 
HMeridional parts by theſe Rules. 


1, If you would know the difference of 
Latitude in Meridional Þarts betwixt two 
places. the one lying under the EquinofCti- 
al, (as the River of Amazones) the other 
in 50 degrees of North Latitude, ſuppoſe 
(the Lizard). Look for 50 on the Meridi- 
an Line, and right againſt it on the Line 
of Lines you find 57 d. 54 mn. or in decimal 
parts of a degree, 574. .%*; and theſe are 
the Meridional parts required, 

2, If both the places have Northerly or 
Southerly Latitude, as fappoſe one in 30 4. 


- | the otherin 504, Extend your Compalles 


from 
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from one of the Latitudes to the other, al © 


from 304. to 50 on the Meridian-Line; 
The ſame Extent will reach from the he- 
oInning of the Line of Lines to 26 4.. :6n, 
which is the Meridional parts required. 
3. When one of the places hath South. 
Latitude, and the other North, as ſuppoſe 
10 4d. South, and the other 3o North. The 


Extent from the beginning of the Meridi-| 
an Line to 10 degrees ſhall reach from} 
30.4. on the Meridian Line, to 41d. 31m | 
on the Line of Lines or equal parts, which 


are the Meridional Parts required. 


Knowing then how to find theſe Meri- 
dional parts, Note that the difference of 
Latitude -in theſe is called the Meridional 
difference of Latitude, and the true diffe- 
rence of Latitude 1s that whichis found by 
ſabſtrafting the leſler Latitude out of the 
greater, the Remainder is the true Latitude. 


This being premiſed, I ſhall now. proceed: 


to. theſe ſeveral Propoſitions, 


- © © WA 


The difference of Latitude, and diffe- 


rence of Longitude being given or known, | 


to find the Rumb. 


As the difference in Latitude is to ah 
diffc- 


Ld 
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oY 


difference in Longitude , So is the Tan- 
gent of 45 to the Tangent of the Rumb. 

Suppoſe the two places be the Lyzard in 
50 degrees North, the other St. Chriſtophers 
in 15 4. 30 29. the proper difference of La- 


 titude is 42-::,, and the difference of Lon- 


gitude 684, 502m. Therefore the Extent 


| on the Line of Numbers from 42-3; to 


684, 50 m. ſhall reach the ſame way from | 
the Tangent of 45, tothe Tangent of 58 d: 
26 m. which is the Rumb leading be@wixt 


1 thoſe 2 places. 


P K © B:ko 4+ 


The - Difference of Latitude and the 


Rumb given, to find the difference of Lon- 


gitude, 3 


As Radius, or the Tangent of 45 to the 
Tangent of the Rumb, ſo is the proper 
difference of theLatitude to the difference 
of Longitude. 7 


PFROMDLE. 5 


By one Latitude,the difference of Longi- 


| tudeand the Rumb given, To find the other 
| Latitude. 


As the Radius is to the Co-Tangent of 


the Rumb from the Meridian, fo is the 


. diffe- 
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difference of Longitude to the proper diff. 
rence of Latitude. 


P RO * 17 4: 


Havin g the Latitude of oneplace (50 4) 


and the Rumb (334.45 m.) leading from 
that place to another unknown ; and the 
diſtance upon the Rumb from the firſt 
place to the ſecond, (6 4.) To find thedif- 
tereme of Longitude (5: d.) 

As the Radius is to the ſine of the Rumb 
from the Meridian, ſo is the proper diſtance 
_ the Rumb to the difference of Longji- 
tude. 


PROBL. 5. 


The difference of Longitude, one Lati- 


tude and the Rumb given, to find the di-]- 


ſtance. 

| AS the Sine of the. Rumb is to the dife- 
rence of Longitude, ſo is the Radius to the 
proper diſtance. 


PROBL. 6, 


| 


_ Difference of Longitude, and diſtance 
with the Latitude of one of the places gi- 


ven» to find the Rhumb that leads from | 


one to the other. F- 


FT 5 


. AS] 


_— 


o 


$ 


| BOOK H. Of Navigation. 


237 


As the. proper diſtance. is to the diffe- 
rence of Longitude, fo is Radins to the 


Sine of the Rumb. 


FAO 4 7% 


| The Longitude and Latitude of two 
places being given, to find the diſtance and 


Rumb. | 
As the proper difference of Latitude is 


to the Radius, ſo is the difference of I@ngi- 


tade to the Tangent of the Rumb from the 
Meridian : Andas the Sine of the Rumb is 
to the difference of Longitude, ſo is the 
Radius to the proper diſtance. 


a Eo & Ws * 
The differenee of Latffades and their di- 


ſtance upon the Rhumb given, to find the 


difference of Longitude. 

_ Asthe proper diſtance ts to Radius, ſo is 
the proper difference.of Latitndes to the 
Co-fine of the Rumb from the Meridian : 
And fois the Sine of theRhumb from the 
Meridian to the difference of Longitude. = 


PROBL. 9. | 
The Difference of Longitude of two pla- 


ces, their Diſtanceupon the Rumb, and the 
oi; os Latunde 
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Latitude of one of the places being given, 
To find the Difference of Latirudes. 

As the proper diſtance is to the Radius,f 
Is the difference of Longitnde to the inclina| 
tion of the Rumb to the Meridian : And $i; 
Co-ſine of the Rhumb to the difference of 
Latitudes. 


FATS 10. 


| Bypone Latuude, Diſtance and Rumb, to 
find the other Latitude. 

/ As Sine 90, or Radius is to the Coſine of | 
the Rumb, ſo 1s the diſtance to the true] 
difference of Latitude : | 

I ſhall now proceed to ſhew you Mr, 
Philips's way of drawinga AMercators Chart, 
and how to meaſure both Longitude, Lati- 


tude; and Diſtancexhereupon, and to keep 


an account ofa Voyage thereby, as is per- 
formed by him 1n his Geometrical Seaman,| 


which I recommend as a Book of very ex-| 


cellent uſe to Seamen and Iuch as deſire to 
be moreat large informed in all the parti- 
culars concerning Navigation in all the 
three kinds : Of Sailing by the Plain Chart, 
Mercators Chart, or by the Arch of a great 
Circle. I ſhall in this place content my 
ſelf only to Epitomize the Uſe and Figure 
of his Mercators Chart as follows. | 


Know 
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'| Knowing the Longitude and Latitude of two 


places, to fer them upon the Chart, and to 
find the Rhumb leading from one of the pla- 


ces to the other. | 


Suppoſe Summers Iſland , whoſe Longi- - 
ride is 300, and Latitude 32d. 25 m. the 
exact place to ſet that down in the Cart 15 
atS. Then tluppoſe you would fet down 
the Lyzard, whoſe Longitude ſuppoſe 104. 
and. Latitude 50, the exaCt place fr that 
isat L. Thendraw a ſtreight Line from 
. Sto L, and that is the Diſtance; and the 
Angle which it makes with the Meridian 
* of S, is theRumb which leads from one of 
the places to the other, which meaſured 
in. your Scale of Rumbs, you will find 71 4. 
21z:. or the ſixth Rumb, and iomething 
above a Quarter, whicf? is ENE more than 
; Eaſterly. 


| To find the Difference of Latitude, and the 


diff erence of Longitude, and to Meaſure the 
Diſtance. 


. Firſt, For the Difference of Latitude , 
you ſee It- is from 324. 30 mr. to 504. 
which 18-17 4. 30 9, The difference of 
Longitude is 750 4, To meaſure the di- 
ſtance uponthe Rumb betwixt Sand L, do 
| thus Firſt, Divide the diſtance that is in 
O - the 


- 


250 


-the Meridian Line between the two Lati. 
tudes into two equal parts, which in this| 
Example will fall at 42 Degrees. Then 
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take with your Compaſſes half the lengts 
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The EquinoQtiial Line. 


_ 
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of the Lice LS which is LM, and with that 


diſtance ſet one foot of your Compaſles in 


42, the middle point betwixt the two La- 
titudes, you will find the other foot will 
reach downwards to 8 4. 3o m. and vp- 


| wards to 63 4. 30mm. The Degrees in the 
Meridian Line betwixt theſe 2 points are 


55 degrees, which is 1100 Leagues, and 
this is the true diſtance upon- the Rhuwb 


betwixt Sand L. 
= 


"To Meaſure a Parallel Diſtance between two 


places. * 


Suppoſe the places tobe L and T both in 


'the Latitude of 50 degrees, their difference 


of Longitude being 70, divide the diſtance 
betwixt L and T into 2,gqual parts which 
isat Q. Take L Qin your Compaſſes, and 
ſetting one foot in 5o Degrees of the Meri- 
dian Line, or the degrees of Latitude , rhe 
other foot will reach downwards to 22. 
30m, and upwards to 67 d. 30m. and if 
you count the degrees intercepted between 
theſe two points, you will find them 45. d. 
which multiplyed by 20, gives the diſtance 
between theſe two places Fe Leagues, 
It two' places differ only in ' Latitude 


andlye under the ſame Meridian : The De- 


grees between them upon the Meridian 
Line gives the Degrees, which mu]tiplyed 
< O 2 - - 
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by 2c, bring theminto Leagues, or by 6oſ 


into Engliſh Miles. 


' Having Sailed from the Lyzard about the 


Diſtance of 15 degrees upon the ſame Rumh 
as in the Chart, you would know what 
Longitude and Latitudeyou are come to, 
or the point where the ſhip then is. 

Take 15 degreesin your Compafles from 


50. ( or L.) which ſignifies the Lyzard)] 
out of the Merid:an line ; or the degrees of 
latinfle whatſoever they be , which willl 


reach to 35 4. in this Example. 


Set this diſtance upon the Rumb line you 
Sail upon, which wall be at V; lay your{| 
Ruler by that mark from 46 and 46 in the] 
Meridian-line, and that 1s your latitude | 


do the like for your longitude, and you will 
- find it 351, or thgreabouts. 


' To avoid Sailing in a Parallel that is ful 


Eaft and Weſt at any time. 


It will be your beſt way to ſteere no nea-Ftc 
rer to the Eaſt or Weſt than the 7 Rumb | 


from the Meridian, for ſo you may by your 
obſervation ofthe latitude correct your ac- 
count, which orherwiſe you cannot do, and 


in doing thus, you will not go much out of 
your way ; forif the two places be diſtant | 
10 degrees, if you fail one half of your way 


vpon the ſeventh Rumb, you will raiſe the 
| © 


Pole | 
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Pole very near 1 degree, viz. +32, and if 
you tay the Pole as much upon the ſeventh 


FRumb the other way, ſo you will come to- 


the place deſired, having run the ſame di- 
ſtance as before, viz. 5 leagues. Thus in 
a Voyage of 10 degrees, or 2co leagues, you 
go not fully 4 leagues out of your way , 
which is not one In 50, which will be well 
recompenſed, becaule in Sailing thus upon 


I the ſeventh Rumb, you may by the obſer- 


off ration of the latitude correct your Ac- 


bl } 


IT 
te | 
* | 
Il 


dl} 
» 
\ 


| 
L- 1 : 
b | 


1 
fi. 
x 


» 


b- 


' | Chart. T hoſe that have a mind to underſtand 


count. 'o 

Note that a Travis may be drawn upon 
this Chart, as that inpag. 277 is done upon 
the Plain Chart, mutatis mutandis in the la- 
titude and Diſtance. © | 

And thus much fhall ſuffice to have ſpoken 
of Sailing by the Plazn Chart, or Mercarors 


the third kind of Sailing by the Archof a 
great Circle, they may conſult Philips his 
Geometrical Seaman and other Authors : 
[ ſhall not here inſiſt upon it, conceiving it. 
to be rather a piece of Nicetie, than any 
great matter of ſolidity which 1 diſcern in 
It; yet withal do take it for an unqueſtio- 
nable verity, that it is the neareſt way by 
reaſon of the Spherical Form of the Earth 
and Sea, and circularity of the Terreſtrial 


| Globe, But to let this paſs, I ſhall con- 


clude what I intend to ſay concerning Na-: 
O43 vigation. 


- 


294 Of Navigation. BOOK IE. n 


— in theſe — particulars. 


. To ſhew how many leagues do anſwer 


to one degree of longitude in every ſeveral 
latitude. 

To ſhew how many leagnes do an- 
Se toa degree of latitude in every, everal 
Rumb. 


3. :To know the Burden of a Ship , -and | 


how to B 1ld a Ship to any proportion or 
—_— 


. To know how many leagues do an- R 
ſwer tB a degree of longitudeinevery ſeve- 


ral latitude. 
As the Radius (or fineof 90 4.) is to 20 in 


the line of Numbers, (or 60-if you deſire. 


Miles) ſo is the Co-fine of latitude (at Lon- 
don 384. 38.) to the number of I 6 or. 


Miles in that latitude (viz.at Londen) 37 | 


Miles,,or 12; leagg*s2 fere. 


- To do this by the Sector, 
Take 20 leagues out of the line of lines, 


and make It a Parallel Radius by fitting it ] 


over in the ſines-of 9o and 9o, ſo his Paral- 
lel fine taken out of the complement of rhe 
latitude, (viz. 25. 15.) will give the leagues 
(viz. 18.) 

To do this another way : 


Suppoſe. you have a Quadrant, the one. | 


ſide whereof being the full Radius may be di- 
vided into zo equal parts,the other ſide into 
603, 


© 


, 


" VE a id. ae _—— ” —_m dA. —_ eO—=—Y 
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60; then with your Compallſes take the near- . 


| eſt diſtance from the complement of the lati- 


tude to the fide of the Quadrant, and that 
ditance meaſured upon the line divided in- 
to 20 from the Center, will give the leagues - 
upon the line of 60,which will give the miles: 
anſwerable to one Degree of longitude in 


- thatlatitude. Other wales there may be' 


for doing this, but theſe are {uinclent. 
2, To know how many leagues do an-” 
ſrer to a degree of latitude in every ſeve- 


' ralRumb, vr more Plainly to knogr how 
| many leagues you are to fail upon each 


Rhumb before you raiſe or deprets the-Pole: 


one Degree. 
As the complement' of the Rhumb is to ' 
20 leagues the meaſire of one degree at: . 


' the Meridian, fois the Radius tothe leagnes: 
anſwering to one degree upon the Rumb. 


As ſuppoſe Sailing NEBN from 50 4. of” 


latitude, it wererequired how many leagues 


the Ship ſhould run before it ſhould come to. 


| 5rd.of latitude : Becauſe this is the*'third 


Rumb, and the inclination thereof 23 4, 
45m. The Compiement thereof is 56 4. - 
[5-m. Therefore. the Extent of the Com-_ 


'paſſes from 56 4. 15 . upon the line of 
| Slnes to 20 upon the line of Numbers, the 


lame extent the fame way will reach from 
Radius or the Sine of 90 4. to 24, ſo many 
leagues muſt be ſailed to raiſe the Pole 1 4. 

Q:4. To: 


- 


- 
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'To do this by the Sector: 


Take 20 leagues from the line of lines, |P 
and make it. a parallel fine of 56d. 15m. |( 
and his paralle] Radius between go andgo | ti 
meaſured in the ſame line of lines, will ſhew | 2 

' you 24 for the Number of leagues required. | f 


ml 


q > 


ore! And \ my 
F- wh ; | You keep the ſame _ elih & 
South Meridian Leagues. & Sf \ 
: © \|[Havingchanged your | =al[\ 
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Eaſt ) You are till in a Parallel, and neither raiſe , 
_ nor lay the Pole ar all. 


— 


To Convert Degrees and Minutes into Hours 
and Minutes, 

' Note that 15 Degrees makes an Hour , 
therefore divide the degrees by 15, the 
Quotient will be Hours : The Fraction (if 

any. | 


o 


ite Shes. ew Duo tht iyrouteorous. 2 ara B, mo that W 


| 


| 
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ay remain) multiply by 4, (becauſe every 


Degree is 4 Minutes of time) and to the 


Produtt add every 15 Minnte of a Degree- 


(if any be) for ſo many makes a Minute in+ 
time. This will exa@tly reduce Degrees - 
2nd Minutes to Hours and Minutes. As: 
for Example 118 d. by 15. the Quotient” 
is7 Fraftion 13, which multiplyed by 44- 


is 52, Total 7 H. 52M. asabove. 


But for your ready finding of your true: 
Northing and Southing, or Eaſtiyg and- 


Weſting, or in other Terms your®Difte-- 


rence of Latitude and difference of Lon-- 
gitude by the Rumb and diſtance given, or- 
by knowing how many Leagues you have- 


taled upon any Rumb : You have excellent: 
' Tables in Phslips's Geometrical Sea-man - 


and in Sraramy, or to ſupply thoſe you may- 


Scale, on one ſide: having a- Line of Num- 


' have a Traverſe-Scale, which is a Sliding - 


bers, on the other- ſide the Rumbs: The : 
uſe of it 1s thus; - Set your- diſtance: run a» 
gainſt the Radius (which is the eighth 


| Rumb) and-the Number of Leagues agan:ſt : 


the Rumb you ſailed upon, is the difference ' 


of Longitude, or your departure: from' the : 
Meridian , or- your: Eaſting. or Weſting ! 
(call it which:you will) and the Number of - 
Leagues oppoſite to the Complement 'of the! 
Rumb is the- difference- of: Latitude;- or: 
| your Northing or Southing : As for Exam=- 


Q- 5: — ple, 


d. 


third Rumb; and would know how. many, 


Leagues. you have altered your longitude] 


or latitude : Set 57 the leagues failed to. 
Radins(or theeighth Rumb;) Took againſt 


the third Rumb, there you find 3 1-7, leagues 


. for. your departure from the Meridian or 
difference of Longitude, and againſt the. 
complement of the ſaid Rumb, which is 5, 
or the fifth Rumb, there you will find 47 7; 


leagnes, and fo many leagues 1s your diffe- 


FgnCe 8 Latitude: The like of all other. 
the Uſe of the Sea Quradrant. 


This Inſtrument conſiſts of 3 Vanes and- 


2-Arches, one of 60, and the other 30, | 


vihich together make 90 Degrees , and 
therefore call'd a Faadrant : The 3 Vanes. 


are the light Vane upon the 30 Arch, the 


Shadow-Vane upon p $0- Arch, and the 
Hor1zon- Vaneat the 


_- the ſhadow and the Horizon be ſeen toge- 
ther, and then upon the 60 or leſſer Arch 
_ obſerve the Degrees cut by the upper edge 


of .your Shadow-Vane, and add thoſe to the 
degrees.cut by the -iniide of the Sight-Vane: 
upon-the 30. Arch, which Degrees added | 
togetber,..the ſummis the Complement of] 


\theAltitudey ,or:ths.Suns diſtance from the: 
'ZEnithi: . 


T 0:4 
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ple,” ſuppoſe you Sail -57-Leagues upon the: 


ngle A : Soturn your | 
back of the Sun, and move the ſights, till | 
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To keep -a reckoning upon a'Þlat of a whole. - 
Voyage. | 


| - Suppoſe you Sail from the Z:izard South- + 
| Faſtward (which we ſuppoſe 1n the Lati- - 
tude 50”, oo degrees) and the difference of * 


| -| latitude 3 degrees, which deduct from 50 4.” 


+. kh Bo tho Hh. 


” S-.., 


> 


| and then the latitude the ſhip is now in is - 
+. | 474, and ſuppoſe your courſe run 50 leagues: 
.. | Eaſtward, | 
| Therefore to ſet the place of yMr ſhip : 
upon your Plat, you muſt uie two. pair of 
Compaſſes, with one pair take the extent» 
between the latitude 50 degrees and 47 : 
| degrees, and with that extent {et one point. 
þ of your Compaiſlies in the Ztzard, the other © 
extend towards the place where the Ship is - 
| now, but ſo that your Gompalles ſtand pa- + 
4 rallel to a North and South Line. This - 
done, keep one foot of your Compaſles in - 
that point, and with the other pair take - 
| the departure 50 leagues from the Scale of: 
leagues, then interchange your Compaſles, 
placing this laſt pair in the point where - 
the other pair ſtood, ſet this departure 5o - 
leagues to the Eaſtward z but ſo that your - 
Compaſſes may ſtand parallels and to en : 
| Eaſt and Weſt Line. (This you may find : 
* by trying with your other Compaſies whe-:- 
ther the legs be zquidiſtant from-the next * 
Eaſtand. Weſt line.) - - Thisis 


S 
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This ſecond point thus found upon the: 


Plat is the place of the Ship (according to 
your reckoning) which was required. . This 


I have ſeen practiſed by ſeveral Ship-Maſters. 


upon Maps.,and isa very ready way, mark- 
ing the place where the Ship is with Chalk; 


which may be rabbed out again when you. | 


come at the next Station.: 
How to know what Buarthey a Ship rs of : 


Th&peneral receiv'd Opinion is to take 
the length at the Keel, the Breadth at the 


Beam, and his Depth in Hold, which mul- ] 


tiply one In the other, and divide the laſt: 
\ produtt by 100, gives you his Tunnage ,. 
which is the Kings allowance: But Mer- 


chants divide by 110; but you muſt note: } 


this is of fach Ships a6 are built  Taper-wiſe 
from-the. Keele, but others think 95 a- 
number reaſonable, 


Length 75 foot } Product is 28275, which: 
Breadth29 divided by 100,gives 282; 
Depti 13 > Tunns. 


Szppoſiag a- Svip of 100 Tun, and. you wonld: 
make.anotber Ship of double Burthen, 


Suppoſ this Ship of 100 Tun be FE foot: 
long by the. Ns 20. foot. broad midſhip: 


Beams, 
C 


Dc mm aAHMHOW rs 7 


ego By tre 


j 


—— _ 


__ 
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» | Beame; 9 foot:deep in Hold. Multiply each 


of thele Numbers cubically ; double the: 
product, and then extraCtt the Cube Root. 


-| Asfor Example, Multiply 44 by 44, makes 


1936, and that again by 44 makes 85184. 
for the Cube number, which being doubled 


| (becauſe the-Ship is to be double the bur- 


then of the other) ſo it makes 170368: 


| ExtraCt the Cubique Root of this Number, 


and it will yield 55. feet 35 parts, which: 


is 5.inches, and almoſt-; inch, and,fo you 


muſt do. by all the other dimenſionSof the- 
Ship to find them, and fo make them pro- 
portionable, 


What  due- Proportion ought to be uſed in the 
Building of all Ships whatſoever. 


The due proportionasof a Ship is, That 
the longitude of the Veſſel whatſoever it be 
more or leſs ought to be. divided into 3oor 


4 equal parts; of the which parts 3o muſt be 
' 4 aligned to the Depth , and the Breadth 


ſtrall contain 50, or the+ part of the longi- 


*nable, and more fafe for Traffick. 
: | © To conclude pleaſantly, I ſhall here give 


= ſo. ſhall the Ship -be both proportio- 
_ Jour Biſhop Wilkins device in his Mathema- 


tical Magick of making a Ship to Sail under- 


Water :. The Difficulties herein he reſolves.” 
thus. 
I, No: 
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1. No land Creatures (eſpecially men): 


, can live withont Air wherein they may 
breathe, and therefore ſuch a Yeſlel muſt be 


very large and ſpacious ; ſo as toallow Re-- 


frigeration. 


2. If ſo, How is it poſſible that they: 
ſhould ſwim or ſail along. To this he ſaies, , 
That thoſe Bodies which are carried on the : 
Water, be they never ſo big or ponderous, 
(ſuppoſe equal to a City or whole Iſtand) : 
yet yr y will alwaies ſwim on the top, if 


they bEbut any thing lighter than ſo much 
Water as is equal to them in bigneſs. 


3. How to poiſe this Veſlel ſo equally,- 


That it ſhall neither riſe too high, nor 


\ fink too low: This he propounds to be. 
done by hanging more or leſs great weights - 


at the bottom. 

4. How the mot#on of this Veſſel muſt 
be made, which muſt be by Oars put tho- 
rough the fides of the Ships with leather- 


bags made faſt to the Hole, and tyed cloſe 


to the Oars, by which means the Oars may. 
move, and yet let inno Water at all. 


5- The ſame devicedoth remedie the'5- 
and laſt, and greateſt difficulty, which is -| 


to take any thing into the Veſſel, or put. 
any thing out of the Veſſel without admif 


ſion of any Water: How this may be done, 


he .propounds thus ; ; Suppoſe a leather- 
bag of what bigneſs you pleaſe ade _ 
. . 2 | 


e 


— 
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and cloſe to a Window round about, being. 
alſo ty'd cloſe about towards the Window, . 
then any thing that is to be ſent out may be 
fafely put into that end within the Ship, 
which being again cloſe ſhut or tyed, and 
the other end looſed, the thing may be. 


| fafely ſent out : And by the like means 
| how to receive any thing into the Ship,or 
| Veſſel is eaſie to concelve, 


But I ſhall ſail no further in this DiC- 


1 courſe, the Voyage in ſuch a —_ being 
e 


near as difficult and dangerous to peFform  . 
as to fly into his New World of the Moon , 
though he tells you' pag. 219. That if a 
Body were above the Sphere of the Magne-. - 
tical Vertue of the Earth (which he ſuppo- 
ſes 20 Miles upwards, or ſo) he might there- 
ſtand as firmly in the open Air, as he can 
now upon the Grouna 

Or Secondly, If this Sailing under Wa-- 
ter could be performed, it would not be of 
much uſefulneſs ; therefore ſhall rank this 
amongſt thoſe other conceits which are. 
demonſtrable, but not praCticable, ſuch as 
pulling up. Trees by the Roots with a ſingle: 


| hair, orby the breath of a mans mouth : 


Or Pythagoras writing in the Moon by re- 
tection : Or Archimedes his moving datum - 
pardus cumdata potentia.;, that if he did but. 
know:where to ſtand and faſten his Inſtru-- - 
ment; he could moye the whole Terreſtrial : 

» Globe. 


is his perpetnal motion ; but both-uſeful 
and practicable, and in- many places pra- 
&ic?d and us'd is his Sailing, Chariot, like 


that in Holland, which with the Wind | 


would paſs from Scheveling to Putten in two 


hours, being diſtant more than 42 Engliſh | 


Miles. 
But paying due Honour and reſpeCt to the 


mention of this Reverend, Learned, and | 


Ingenious Author , I ſhall here conclude. 


what nave to ſay of Geometryin general, | 


-and in particular as to Survey..ig and Na- 
vigation ; and proceed according to my pro- 


pounded Method to more ſolid and ſerious : 
Mathematical Propoſitions and Praftical Cons | 


cluſtons in Aſtronomy. 


C, 
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Globe. Moreuſeful (if-at all practicable.) |. 
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CHAP. 


| F Waving hitherto treated of Ar:rhme- 

H tick in the four kinds of it, Common, 

: Decimal, ps, RE, and 11m - 
| frumental, and alſo of Geometry both gene= 
j ral in the Reſolution of Geometrical Pro- 
blems and Propoſitions 3. and 1n the produ- 
cing, reducing , and. meaſuring the three 
principal Geometrical Figures -- And like- 
| wiſe of Geometry-in ſpecial applyed to Sur- 
| vejigand Navigation ; I come now in the 
third place to treat of the: third MHathe- 
. matical Liberal Sciexce, which is Aſtronomy: 
| And as Geometry may be ſaid to meaſure the 
Earth, or this whole Terreſtrial Globe of 
Sea and Land, by taking Heights and Di- 
ſtances. 


o 
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ſtances at Land in Surveying, and by taking 


Heights and Diſtances at Sea in Navigats | 


en: So Aſtronomy may be ſaid to meaſure the 
| Heavens by taking the Heights and Diſtan- 
ces of thoſe Heavenly Bodies, viz. The 
Planets and Fixed Stars. | 

But that theſe Heights and Diſtances 
here principally meant and intended, may 
be entirely handled, and that other things 
which concern Aſtronomy, may be the better 


underſtood, I ſhall premiſe theſe ſeveral par- 


ticulagy, and proceed in this Method. 


7. Iſhall give you the number and names | 
of theſe Heavenly Bodies, viz. the Planets | 


and Fixed Stars. | 
2. I ſhall ſhew you their Order, both in 


the Ptolemaick and Copernican Syſtems of 


the World, and'give you the Reaſons gi- 
,Ven on both ſides ,, pro & cor for each $Sy- 
{teme. | 


volutions. | 
- 4 [I ſhall ſhew you the Magnitudes. 


5- Their Heights or Diſtances from the 


Earth : ; 
Which will lead me by the hand as it 


were in the laſt place to ſpeak of theſe other | 


Heights and Diſtances which I make the 


Sum and Subſtance of Aſtronomy as it ſtands 


in Analogy with Geometry in this place : 


And theſe, to wit, the latter ſort of Heights | 


and 


6. 
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— 


3.1 ſhall ſhew you their Periodical Re-| 


_ 
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and Diſtances are properly Queſtions of the 


' Sphear, therefore [ ſhall explain to you the 
'Projettion of the Sphere in plano, and the Re-. 
| ſolution of Spherical Triangles grounded: 


thereupon 3 by which Spherical Triangles 
theſe Aſtronomical Queſtions are reſolv'd ; 
as Surveying and Navigation are by Plain 
Triangles. But to proceed according to my 
propoſed Method. 


CHAP. Il wv 


| —_—_— 


To give you the Number and Names of 


the Planets and Fixed Stars, 


j S for the Planets, all agree as to: 
1 the Number that there are 77 
but which theſe ſeveg are there is ſome 
difference 3 Ariſtotle, Ptolomy, and the reſt 


| of the Peripateticks do number them thus, 


Saturn, Jupiter, Mars, Sol, Venus, Mercury, 
Luna ; making the Earth the Center of 
the World : But Pythagoras, Copernicus, and 
the Ancient Pythagoreans do make the Sun 
the Center of the World, and this Earth 


| tobea Planet inſtead of the Sun, and to 


move in the ſame Orb which is aſcribed to 
the Sunn by Prelomy, and fo'numbers the 
Planets thus, Saturn, Fupiter, Mars, Tellus, 


Lina, Venus, Mercury, and Sol the Center,. 


and 
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/ andſomewill not have the Moon to bea | 
©. primary Planet, but only a ſecondary, ang 
that all the reſt of the Planets as well as this 
earth have theirMoons to move about them; 
and for F#piter there are 4 obſerved to move | 
about him , which they call Satellites ; and 
Saturn alſo is obſerved to have his conco- | 
mitants. | | 
'Secondly, For the number of the Fixed 
Stars,they are vulgarly and commonly con- 
ceived to be iInnumerable,yet Mathematicians 
do ſay gzey may be numbred, and da take 
notice only of 1025, orat moſt of 1 :6r, 
comprized in 48: Conſtellations, 


21, In the Northern Hemiſphere. 
15 In the Southern. 
12 In the Zodiack, or the Zodieti- 
| — cal Conſtellations, being no. |. 
. Inall 48. other®than the 1.2 Signs. 


Wn 
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The Names of the Northern Conſtellations are 


Containing PStars Containing Stars 
1 Urſa Minor | 7), 13 Ophiucus, or Serpentarius. 24 
That in the end ofthe Tail is cal- 14 Serpens 18 
led the Pole Star. 15 Sapitra, or the Arrow 5 
2 Urſa Major. 27 x 16 Aquila, o- Vultur volans 9 
3 Draco. 31 | 17 Delphinus the Dolphin I3 
4 Cephus. 11 | 18 Equiculus, oglittle Horle. 4 
5s Bootes, 22.19 Pegaſus, or the winged Horſe. 20 
6 Corona Borea 8 | 20 Andromeda : 23 
7 Engonaſis, or Hercules 29 | 21 Triangulum the Triangle 4 
8 Lyra. IO | — — 
9 Olor, or Cignus, 17 | 9 Conftellations Stars 117 
10 Caſſiopeia I3 | 12 | 215 
11 Perſeus 26 | — 
12 Auriga 14. 21 Northern 332 
12 Conſtellations \, 215 Stars. 


: | BOOK 1II. 
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The Names of the 15 Southern Con- 
ſtellations. 
N”. = -* 


1 Cetus the Whale 22? 9g Crater the Cup »y 
2 Fluvius Eridanus 34 | 1o Corvus the Crow »" 


3 Lepus the Hare 12 | 11 Centaurus 37 
4 Orion ” « I2 Lupusthe Wolf 19 
.s Canis Major 87 13 Ara the Altar ' 

6 Canis Minor 14 Corona Auſtrina 

7 5 lg Be. the South Garland. 

8 5 yu 25, Is Piſcis Auſtrinus 12 


RO, DoS | — 


.L 8 Conſtellations, Stars 192 7 Conſtellations, Stars 102 
8 


"192. | 


| —_— —— ————— 


1 5 South Conſtellat. 294 


The Names of the 12 Zodiatical Con- 


ſtellations, & 


WW: Ne. 
1 Aries the Ram I3 7 Libra 8 
2 Taurus 23/ 8 Scorpio 21 
3 Gemini 18\ 19 Sagittarius 31 
4 Cancer | 9( 10 Capricornus 28 
s Leo 27\ 11 Aquarius 42 


- 6 Virgo 26 J I2 Piſcis 24 


\ 6 Conftellations. Stars 116 6 Conſtellations. Stars 154 
6 116: 


— | —C 


I2 Conſtellations. 270 


Theſe 


”w ww  -» VuU93 a \D -y x -ea 
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Theſe are the 48 Conſtellations taken out 
of Mr. Mexons. Book De Globis, where you 
may find their ſeveral Poetical ſtories, 
which are not unpleaſant to read :. And 
thus much ſhall ſerve for the Number and 
Names both of the Planets and Fixed Stars. 


—_——— 


CH AP. Ill 


Concerning their Order in the Syſteme 


of the World. 


Sto the Order of the Planets and Fix- 
ed Stars, my Reading affords me three 


. | kveral Syſtemes (though poſlibly there may 
| be more : ) Theſe threg, axe, Firſt, The 


Tychonican Syſteme , ( invented by Ticho 


| Frahe.) Secondly, The Prolemaick Syſteme 


(inyented and maintained by Pro/omy andthe 
Peripateticks.) Thirdly >, The Cypernican 
PYfeme, being the Ancient Opinion of Py- 
thagoras and his followers, but revived by 


Copernicus, and ſince-imbraced by moſt Mo- 
dern Mathematicians,thongh Vulgar Capa- 
Cities do take it for a ſtrange thingy 2n0n- 
fim Horrendum, &'c. 1 ſhall give you theſe 
three ſeveral Syſtems in order, and firſt, 
The Tychonican. 


This 


The T ychonican Syſteme. 


® 
E 
F 


I Syſteme was Invented by the Ill 
ſtrious Ticho Brabe a Nobleman of Der 


mark, Lord of Knudthorp in the Iſland of| | 


Shonen, not far from Elſenbonrgh,. who fre: 


med this Hypotheſis as a mean betwixt Pi 


and Copernicus. 


lomya Ee ant 31 31 05 2; 

"By this he ſuppoſeth that Mercury, {ooh | 
and all theother Planets (except the Moon)] 
In their motion, reſpe& the Sun as thelt] 


Center: So that Saturn in oppolition to Ls | 
NS us] 
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| Sunis nearer the Earth than Yenus in Apo- 
'gz0n, and that Mars in oppoſition to the 

| Sun, 1s nearer to the Earth than the Sun it 

| lf, asmay appear by Inſpe&ion from the 
[ Hypotheſis it ſelf, 


The Prolomaick Syſteme. 


"The Coperpican Syſteme. 
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For theſe two SyGemes, v:z, the Pralomy- | 
ich and the Copernican , I ſhall give the, rea- 
ſons pro & con out of Farenim, and becauſe 
they cannot. be better expreſſed, 1 ſhall give. 
you them in his own words, as follows, 
Geographia Generalis abbreviated on this 
Manner, P48 34, 359 36, 37» 39, and 40. 


Rationes Copernicani Syſtematis. 


x. Quoniam tantus eſt numerus ſtellarum 
12 horis 24 circa Tellurem circuitum v1-' 
dentur perficere, & hec apparenti 


a per 
uns 


- 
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-| onius: Telluris (manentis in ſuo loco) mo- 
tum. explicari poteſt, ideo magis ration 
 conſentaneum-eſt hunc ſtatuere quam itlum;z 
ficut. nobis in Navi fedentibus , & appro- 
| pinquantibus ad ſtationem mnitarum Navi- 
um-quz:apparent nobis appropinquare, ncy- 
ideo hiſce motum- aſcribimus; & omnino}; 
um naturanon ſoleat:facere per plura quod 
\F per pauca potelt , verilimile. eft, in hac 
quoq; re illud obſervatum efle. 
- 2, Quia- incredibilis & omnem;zcogita- 
tionem -ſuperans celeritas mortus- {iMarrum 
illius foret : etenim cum infinito fere ſpa- 
tio a Tellure ablint, & vaſtiſlimus. orbis 
| illis percurrendus fit; uno hore minuto ad ' 
' minimum per Centena- millia milltarium: 
ferri deberent- Contraz..Si Telluri motus 
| aſcribatur hic primus, manet hc in ſuo lo» 
| co, neqz de minima cgeritate .ttmendum 
eſt, quia Tellus circa ſuum axem rortatur. 
4 3- Accedit argumento huic majus: Robur. 
. | i-comparemus vaſtitatem corporum cole- 
- ſtinm cum- terreſtri. Etenim cunx Sol: ad 
' minimum ducenties major fit Tellure, ſtel- 
- Izvero fixz vel millies majores, cui non ye- 
riimilius. fat Tellurem rotari circa ſunm 
Axem motu naturali, quanr tanta corpora. : 
Incredibili pernicitate de loco in locum- 
 moveri? 
| 4+ Quontam omnes Aſtronomt 1lluſtrios. 
res :cum-"T ychone coatti apparentiis . jam 
EE nh, 2 F 2 « Nnegant 
| ST. 


TLE 
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negant Orbes ſolidos z quibus antiqui ad” 
faciliorem ſtellarum motus Hypotheſin ute-. 


bantur. Ideo multo incredibilior videtur 


illarum circumlatio circa Tellurem. Ne. 


gant autem Orbes ſolidos, quia fi hieſlent, 
concedenda efler penetratio orbium mutua, 
cum quidam planetz in alterius alicyjus 
_ Sphezra deprehendantur frequenter. 

' 5. Nulla Ratio reddi poteſt cur Stellz 
circa Tellurem moveantur, cum contracur 
Terra &reliqui planetz circa ſolem cum re- 
* Jiquis Foo A aahB poſlit dari 
- Ratio. 


6. Quia nec Polus, nec Axis eſt rea-- 


lis circa quem Stellz ferri ponuntur ; contra 
in TeHure & polus & Axis eſt, 


7. Quia multo faciltor eſt Navigatio ab 


. otcidente In orientem, quameb oriente in 


occidentem. ' Etenipa ex Europa in Indiam | 


- navigatur.men{ibus circiter quatuor, ex Jz- 
dia ih Europam reditur ſex menſium ſpatio 


circiter. Nimirum quia in illa Navigatio- | 


ne in eandem plagam cum Tellure moven- 
tur, in hac vero in contrariam. 


8. Quia omnes apparentiz czleſtes, Be: | 


tus, occaſus ſyderum , dierum incremen- 
tum, &c. poſlunt explicari, {1 Tellurem 
moyeri ponamus. 


Imprimis autem hujus Hypotheſi s$commo- 


ditas & neceſlitas conſpicitur in admirandis 


illis Planetarum afteftionibus ad quas expli-. 


: EO candas 


C s 
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eandas Prolematrc: multos circulos Epicyclos 
& eccentricos fine ulla ratione excogitare 
coguntur : Copernicaniautem illas ex Tellu- 
ris motu ſecundo circa ſolem facili .nego- 
tio deducunt ita, | ut manifeſtam' illarum 
cauſam reddant, & adeo facilem ut vel in- 


| dotiillam capere poſſint, Nimirum.. 


1. Cur Planetz interdum retrogradi 
videantur , & quidem Saturnum {fzpius & 
dintius quam Jupzrer, ay ns Mars,&c. 
interdum celeriori motu ferr1i, ggerdum 
Satonariefls 

2. Cur Yenus & Mercurius nanquem pol- 
ſint tota noe conſpicul eſle. | 
3. Cur Yenzs nunquam majort a ſole in- 
tervallo, quam ſexaginta gradunm, Mercu- 


' r5# non majori, quam triginta graduum in- + 


tervallo diſcedat, & ideo nunquam oppoſi- 


- tt conſpiciantur ſoli. ©# 


4., Cur Yenusejuſdem dici'& veſpere poſt 


| folem & mane ante ſolem polſlit conſpict. 


Plures apparentias afferre ſuperſedeo : 
kd illz precipue ſunt que per hunc motum 


| Telluris adeo appoſite & jucunde explicen-- 


tur, ut admirandum potius eſlet fi Tellus- 
non moyeretur talibus apparentibus Phe- 


-nomenis. 


9. Sol non tantum fons lacis eſt, quz 


* tanquam clariſſima faxilluminat Tellurem, 


Lunam , Venerem & reliquos ſine dubio 


Planetas, fed etiam focus calorjs & vitalis 


P: 3 - ſpiritus: 


*Ez 
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ſpiritus quo totum hoc univerſum foveri & | 


ſuſtentari videtur. Ideo-medium locum 
omnium obtinere, & hos circa eum moveri 
probabile. 

10. Sole collocato in medio redditur 
aliqua cauſa quare reliqui planetz & Tellus 


circa eum ferantur, nimirum quia ſol vaſtif- 


{imum corpus eſt, & magnis viribus pre- 
_ dirnm, ideo reliquos planetas ad motiin 
excitat. 


11. &>lem circa Axem ſuum rotari pro- 


bant obſcrvationes Galilzi &-Scheineri de 
maculis-ſolaribus. 'Hac tgitur'ratione-re- 


liquis planetis circumeundi cauſa exiſtit, 


nec videtur el alins motus attribuendus. 


12. $1 Telluri locum' inter -Martem & | 
venerem,ſoli vero centrum attribuamus,ap: | 


te reſpondet motus ſingulorum planetaram 
diſtantie a Centr, quod in Ptolemaita 
Hypotheſi non fieri patet ex motuum dolis, 
Yeneris & Mercuril conſideratione. 


Verum enim vero - Ariſtetelics cuin - Prole- 
maicis ſententiam Pythagoricorum pluribus | 


impugnat Argumentis & ſnam Hyporheſin 
probare conantur hiſce rationibus. 


' Rationes Ptolemaici Syſtematis ſequunthr. 


1. Terram eſfe ineptam ad motum prop- 
ter gravitatem ; & Gravia feruntarad'Cen- 


trum mundi, Tellus autem graviſiimum 


corpus 


C 
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[. corpus eſt , itaqz centrum illud occupat. 


.-,, Gravia a Tellure diſcederent verſus; 
centrym univerſi, nift in Tellure hoc cen- 


| 'trum eſlet. 


3. Partes Telluris moverti naturaliter 
Motu 'refto ad centram, ergo circularem 
motum eſſe contra naturam ejus. 

'4. Si Tellus moveretur,. lapidem e turri 


| demiſſium non poſſe cadere ad pedem turris, 
vel globum e tormento exploſum verſus 


orientem ad metam aliquam'(vehgtiam (t- 


' avis quzdam ad orientem volaret) non 


Poſle hanc attingere, ſi meta cum tota tellu-- 
re verſus orientem moveretur, wlll faltem 


 'celeriorem'fcre attatum, fi al occidentem: 

 *emiſſys efſet globus. CEN 

*> } OY < = o ; 
 '5. Neq; turres neq; zdificia conſiftere 

| Jolteled propter illum Telluris motam col- 

1zpſura eſſe, \neq; homifles Avertigine immy-- 


# 


nes fore. 


- 6. Quia videmus'(inquiunt) ſtellas mu-: 
tare locum, non autem Tellurem.. 


_ 7. Quia Tellus eſt in centro- mundi : 


centrum autem non movetur. | 
8. Qnia facre literz'ſtabilitatem Tellu- 


- ris confirmant. 


Ad hec Argumenta Copernicani reſpondere” 
ſolem hunc in modum. 


» Adprimum. negando totam Tellurem 
 K4, * gravem 


” - 
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graven eſſe; namq; gravitas elt partium-ad | 


torum Homogeneam tendentia : Et tali 
gravitas quagz in lunz partibus & lolis, 


2. Et aliorum gravium motus non ad | 


Centrum univerſi ſed ad Corpus Homoge- 


neun eft,nt ex partibus Lune, Solis,magne- | 


tis probarur. 


3. Motum illum retumeſſe partium Tel-| 
luris, non totius Telluris,atq; hujus Circu- | 
learem motum non impedire illarum rec&ili- | 
neam Lationem,quod declaratur a partibus | 


| _ Solts. 


Ad hoc Argumentum reſpondetur tri. 


plici do 1: Primo enim gravia talianon 
ad Centrum primario feruntur,ſed ad ipſam 
tellurem, & ideo breviſſima linea.ad ſuper- 
ficiem ejas;breviſſimaautem eſt hecquz tur- 


ri reſpondet : Sicnt ferrum non ad cen-. 


trum magnetis, ſe ad magnetem tendit. 


2. Totus acer adhzret telluri & cum hac mo- 
vetur, ideo etiam talia gravia demiſſafimul 


huvc circularem motum acquirunt & moven- 


tur tanquam in vaſe. 3. Gaſſendus crebra. 
experientia demonſtravit, quod ſt ex moto | 


* corpore aliquid projiciatur, hoc Projectum 


etiam illo motu corporis moverl, exempl |. 


gratia lapidem deje-tum e faſtigio mall na- 
vis celerrime motz#, tamen non relinqul 4 
nave, ſed. ad pedem mali decidere': Et e 


pede mali exploſum perpendiculariter e | 


ſclopeto globum, rurſus perpendiculariter 


k decider re 
© cs 


> > aA wma 2 
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Or if a Man jump in a Ship, he will not be- 


' homogernea moventur tanquam in, navtl.: 
. Etenim in navi celerrime etiam vel tardiſſt-- 
' me mota, fi modo zquabilis fit 


 hendimus ereCta corpora non everth- imo + + 


ciſtellarum non ſentiri, ſed ſitus reſpeCtu * 


eſſe, ſive cos-cum Tellyge ſive nobis immo-+ 


— 


' ſcripturam in rebus Phyſicis Loqui. ſecun- - 
- dum apparentiam & vulgi captum, exemplt 3 


dum creatum ſit, cum tamen nec Luna mags - 


bak. Aba, IO. & 0. AR OS. ms wed tt _ HR> TT 


proprium.lymen habeat, neqz.omnibus no--. 


decidere. Itaque allata obje&io nihil valet: : 


able to paſs further, whether he jumps with, or 
againſt the motion of the Ship. 

5. Adquintum Argumentum dicimus ta*. 
le quid locum non habere: quia motus eſt. 
zquabilis, nec in aliud corpus impinget, &* 
#dificia tanquam corpora gravia &:- Tellurl : 


vigatio > 
hoc eſt - ſine flutibus, & aqua. plandWepre-- 
pocula vino plena nthil effundere. - 

6. Ad ſextum, dicimus mutationem Ilo- 


noſtri mutationem deprenendimus - poteſt * 
autem hec fitus mutatio animadverti &- 


tis ſtella moveantur, vel etiam &-nos &-- 
ſtellz. 
7. In ſeptima objeftione & major -& mi--- 
nor falſa.eſt, vel faltem dabia. | 
8. Ad Octavum reſpondetur. 1. Sacram ? 


gratia quando Luna-cum Soledicitur. mags .- 
num-luminare. quod ad Roctem 4lluminan=- - 


na ſit. reſpecta ſtellarum & «Telluris, nec : 
&E 


- *. : 


- Qibus:3 


_ 
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Aibas il/nminat-terram. Ita folem 'ab ex- 


tremitate ire, & ad extremitatem redire | 


dicit {criptura, cum tamen revera talisex- 
tremitas nulla lit. Ita in Febs libro attri- 
buitur Tellurifigura plana & quadrata, cui- 


Loca Fuzdam ſcripture adduct folent, que 


non de immobilitate ejus, fed de Conſtantia. 
& duratione loquuntur, ut locus ille quem] 


e Fcbo attulimns. 

Thus you have the Reaſons both pro & 
con Jaid down by Faremus, both for the 
Ptelemaicz and gn Syſtemes in refe- 
Tence to the ordew wherein theſe Planets 


and Fixed Stars are placed: I ſhall leave: 
it toevery one to be of what Opinton he 


ſees the moſt reaſon for: But however can- 


not pals by what 1 find in that great Ma | 
thematician Biſhop Wilkins after that he] 


hath argued fertouſly for the Copernican 
he adds jocantly, That they that would 
have the Earth ſtand ſill, and the Sun to 
move, are like the Cook who would not 
Toft his Meat by turning the meat about to 


The Fire , but rather by turning the Fire| 


ftound —_ the Meat. (World en the _ 


C 


—t 


| m— 


4 
columnz ſint ſuppolite ,. quibus innitatur, |. 
quod quidem haudquaquam ita intelligen-4# 
dumeſle, vel vulgus novit. Plura loca ad: ] 
duci poſlint:: ſed ſufficiint hec; namqz facrt | 
litere nobis non ad philoſophandum ſed ad | 
ore calendam conceſlz funt. Secunds | 


4 
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Tfthe Reader-defire toknow more con-- 


 exrning theſe matters, let: him read the- 
forefaid Author, and Yincent Wing his Har- | 
monicon celeſte, and ſuch as have. treated: 
| largely of theſe matters. Theſe: may. ſuf- 
 fice for my preſent purpoſe, and fo ſhall: 


p#6 on'to the. Third particular propoun-- 
ded to be conſidered, which is the Motion: 


or Periodical Revolution of theſe. Heavenly. 
| Bodies. 


-- 


CHAF IV. 


Concerning the Motions: and. Periodical; 
Revolutions of ihe Planets and Fixed: 


— 


Stars, f 


2 
Ccording to the two different: Hypo= _ 
theſis of Pro/omy and Copernicus, there - 

are you may ſee two different Centers to - 


| their ſeveral Syſtemes, v:z. the Earth and: 
. the Syn, the one ſtanding ſtil}, the other is: 


ſ1ppo d to move in its proper 'Orb betwixt. 
Venus and Mars : If then according to- 

Prolomy the Earth be the Center, then muſt 

the Sun move, and alſo the. Fixed Stars, . or: 

the Starry Firmament. 

1, The Sun muſt move about the:Earth'; 
Mm 24 hours, making. Day and Nightz which 


according. 
. 
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according to -its-proper Orbes Diſtance | fi 
'from the Earth of 1142 Semidiameters muſt '$ C 
be above 7570 Engliſh Milesin a Minute of þ U 


time, and finiſheth his periodical Revolu- | 
tion thorough each fide in the Zodiack | 


call'd his ſecond motion ina year, or 365 | 


days 6 hours, fere, Wins 365 days 5 hours ! 
48. Minutes, 55. Seconds, by this making | 
Winter and Summer, Spring and Autumn, 


| 2. TheEarth ſuppoſed the Center, the } 


Starry Firmament muſt alſo move round 


about WR Earth in 24 hours, and the mo- : 
tion of the Starry Firmament being pro- 


portion able toits diſtance from the Earth, 
a Star in the XAquator muſt move 12598666 
Engliſh Miles in an hour, or 209974. in a. 


Minute, fſo- that ifan Horſeman ſhould ride | 


every day 40 Miles,. he could nor ride ſuch 


a Compaſs in a i0go years as the Starry. 


Firmament moves In. an hour, which Is 
more than if one ſhould. move about the 


Earth 1000 times in an hour, and. quicker, | 
than poſlible can be imagin'd ; and. 
if a Star ſhould fly inthe Air about the. | 


Earth with ſach a prodigious quick, it 


would kurn and conſume all the World here : 


below: This made Copernicus. not unadvt 
Kdly toattributethis motion to the Earth, 
anGthat the Orb of the. Fixed Stars ſtands. 
ſtill, as well as: the Stars: in the {id Orb 


re axed in their. places and due. diſtances: | 
from. |] 


ol 


C 


| 
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from' one another. Suppoſing - then with 


' Copernicus the Sun to be the Center of the 
| Univerſe ; (but allowing it withal- a cir- 
- | cumrotation upon its own Axis) I ſay, ſup» 
' poling the Sun the Center, there muſt. be 
' aſcribed to the Earth at leaſt a two-fold 
F motion: The firſt is its Diuraal motion , 
| anſwerable to the Prolomaick Diurnal moti- 


on of the. Sun and-Stars: This performed 


{upon its own Axis in 24 hours, and-con- 
\ſtitutes day and night. The ſecond -moti- 
+ on of the Earth is his m&tion a !MMdgin. lo- 
can 11 its proper Orb betwixt. Venus and 
| Mars, as you may ſee in the Syſteme, and. 
| this is performed in a year, or 365 days, 
' 6 hours, fere ; or 365 4. 5h. 48%, .55”. in- 
[ ſtead. of the periodical revolution of the 


Sun according to Prolomy, and this conſti- 


| tutes the 4, ſeaſons of. the year , Spring, 


Summer, Autumne, and Winter ; as 1s ex- 


 cellently. demonſtrated in Biſhop Wilkens's 


| World inthe. Moon. 


——_— —— 


| Now as to the former of theſe motions, 
| or ſecundum primum Telluris motum upon its 


own Axls ; you muſt know that every place - 
upon: the Terreſtrial Globe "(as you may 
plainly ſee by turning about an- Artificial 
one.) doth not movealike, but places under 
the. EquinoCtial do move- the. faſteſt or 
quickeſt, and-nearer either. of- the Poles 
they move ſlower, in. ſach proportion as . 


the-- - 


PF 0 . 
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are greater or leſs : Therefore to kiiow 


how many Miles in an hour any particular | 


place is carried by this motion, take this. 
proportion or Avalogy. As the Radins js. 


tothe Co-ſine of the Latitude ; fo is 154; 
or 960 Engliſh Miles to 'the Number of | 
Degrees or Miles required. 1 


As for Example, Amfterdam'iis in theLa- 


titude of 52 4. 23 #.. its'complement, 'or-| 
tare 37 a, 37 m. ſo that as go; or 'Ri- | 


dins ito 37 4. 37m. fo is 900 to 548: 


(4 


9 degrees, which Amſterdam moves in an 


hour, or 9 of theſe German miles in'4q mi--| 


nutes of time: Now how theſe Numbers: 
15,225, and $00gcome to be the third 


number im this proportion ; note that. | 


154. 1s an hour in the Fqunator , the 
multiplyed by 15, produceth 225-G erm 
Miles, and multiplyed by 60, produceth 


900 Engliſh Miles, the Equator paſſing fo | 


many Miles or Degrees in an honr, and fo 
to run the whole circumference in 24 hows, 
2 11600. | 

Thus mach ſhall ſuffice to have ſpoken 
of the motion of the Earth, or the Sun; and: 
of the Fixed Stars for the reſt. 


Luna: 


. 


BOOK HE | 


the Degrees in each parallel of Latitiide- | 


Engliſh miles ; or fois 225 German Miles, | 
nplifh miles making one German) to 137 | 
German Miles ; or fo is 15 degrees to abont ; 


— _ , y__ = eg 
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" Dina'is the loweſt ofall the Planets ac- 
cording to Ptolemy, or only a fecondary 


| Planet according to ſome Cpernicans, fini- 
ſhes her courſe in 27 dayes, and almoſt 83 
+1 hours. 


Mercury finiſhes his Revolution about 


| the Sun in 87 dayes, 23 hours, 15 Minutes,, + 


53 ſeconds according to Kepler, and 'is nie- 
yer diſtant from the San above 3odegrees. 
Venus performes its courſe in 224 dayes,, 


- 16 hours,4.9 minutes,24 ſeconds, and is ne- 


yer diſtant from the Sun above 60 Wpgrees. 


| - Mars finiſhes his courſe in 2. years, or 
| more ſtritly in 686 days, 23 hours,. 257- 


Minutes, and .3o ſeconds 3 or according: - 
to Wing in 1 year, 321 dayes, 23 hours, 32: 

Fupiter moveth through the Zodiack in. 
the ſpace of 11 years, go moneths, and al- 


| moſt 16 dayes, or according to Kepler in 


4332 dayes, 12 hours,, 25. Minutes, 25 ſe- 
conds, according to Wing 11 years, 317 


dayes, 14 hours, 49 minutes: His Satelli- 


tes or Attendants circumvolveth him in 
time correſponding to their diſtances from 
him , the firſt and next him in 1 day, 18 
hours; the third ſecond in 3 dayes, 13 
hours; the in 7 dayes, 4 hours, the fourth 
and outermoſt in 16 dayes, 5 hours. _ 
Saturn, the higheſt of all the Planets fini-- * 
ſheth his periodical courſe in 29 years; x 
ph ' « Moneths, 


-" 
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moneths, 15 dayes, according to- Alfraga- 


zus, bat more exaCtly according.to. Kepler, 
in 10759 dayes, 6 hours, 36 minutes, and 


26 ſeconds, or according to Wing, pag. 63. 


Harm. in 29 years, 174 dayes, 4 hours, 
58 minutes. Saturnes Moon', or Con- 
comitant is obſerved to move about him. in 
16 dayes, and note that the circumrotation 


of the Sun upon his own Axis is1n 26 dayes, | 


and the Earth in 24 hours, (together with 


the reſt of the Planets that move about the | 
Sun) WE ll move fromMWeſt to Eaft.alfo | 


Saturn and Tupiters concomitants about them 
do keep, the ſame courſe from Weſt to Eaſt. 


And .beſides theſe, it is not improbable 
| but that every primary planet hath his pro-- 
per Revolution upon his own Axis (as the 
Sun and. Earth have theirs : ) and that they | 


have their Moons or Concomitants moving 


about them as our Earth. hath : Nay, - my. ' 
Author adds that it is not unlikely but that | 
the Sun being of the ſame matter with the | 


Fixed Stars, they alſo may all have their 


Planets or Worlds moyed about him,- as | 


our Sun hath his. And Des Cartes hath 
ſhown. us (faith DoCtor Power,) That every: 


So + ww © 


Fixed Star is a Sun, and is {et in.the Center. | - 


another, as ours is off them ; and that all 
our whole Planetary Yortex ſhrinks.into nos 


. 


thing. 


of a Yortex or Planetary Syſteme as ours | 
is; and that they are as far remote one off 
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thing, if compared with theſe innumera+- - 


ble Syſtems above us. - 2 © 
No queſtion but all theſe Planets are il- 


| lnminared by the Sun (as is obſerved by the 


Teleſcope : ) And that the Earth ſhines at 
a Diſtance with like ſplendor as her fellow 
Planets, as willeaſily appear by her illumi- 
nating the Darker part of the Moons ſub-' 


.volvane or lower Hemiſphere, as is com- 


monly ſeen a little before or after the 


change, for then to the Moon thg appear- 
' ance of the Earths light is near the 


to make no further Digreſſion. I come in 
the next place to ſhew the ſeveral magani- 


| tudes of theſe Ccaleſtial Bodies. - 


CHAP. V.” 
CHAP 


' | Concerning the Magritude of the Planets 


and Fixed Stars, ayd their Diſtances 
from the Earth, | FP. 


J]- is not my Intention to ſhew you the 
Theory or way of Calculation, or find- 


'Ing theſe Magnitudes, and Diſtances, or the 
| feveral motions of the Planets: Theſe:re-. 


quire a large Treatiſe of it ſelf, and is lear- 
nedly and largely done by Mr. Vincent Wing 
In that excellent Book of his Harmonicon 

. Calefte, 


FI 


- But 
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Cezlete, to which I refer the Reader: Ani 
as I have done their Motions, fo ſhall only 
per Tranſtum lay down their Magnituda:.. 
and Diſtances as I find them 1n Authors] 
and fo proceed to queſtions of the Sphea 


which is principally here intended. "For. 


their Magnitudes, take theſe Obſervations, 
1. Theſe Planets have their ſeveral Orhs 


wherein they move, the Semidiameter off. 
which Orbs compared to the Semidiameter| 


of thegFarth have this proportion. 
: Deg. Min, 
Of what Parts the p 202 43 $6 
Semidiameter of \ Mercury. 116 '4 
the Earth is one, } V<rus 641 45 
. of the ſame -the JO9! 5 1165s 23 
Semidiameter of p Mars _--< 
the Orb of { Jupiter 'TIGIT 31 
| Satgyn 19225 16-7 

Saturn naw. 9 10 

\ Jupiter /-=& > / 32 to ' 

Irs - - SE of. 7.1 

2, The Diameter of< Sol VEG > 11 to 2 

Venus SAM 3 tolo 

* Mercury ,') S.v v j 7 10.28 

Luna. OScE% gtorn 


The 'Diatneter of the Sun compared with | 
the 'Diameter of the Moon beareth the 


ſame: projortinn that'is betwixt 187 and 
10, 


The] 
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ENTITY 


Magnitude is to \ 269 060 
the Earths Dia. 259 6 


Quin Þ Wo D wy 


I a Star of the meter, as 19to 5 
at 19t035s 
For ' 21to 8 
Ons, 


Yb 3. The Magnitude or Proportion of the 
” off Body or Globe of theſe Planets to the Globe 
ter] or Body of the Earth according to the beſt 
obſervations of Mr. Fancenr Wing in his 
Harmonicon _ » lib. 3. chap. 25, $6, fol. 
95,96, areas follows. . - 


% 


| 33 #2 
Saturn 1s greater than 977 £ $4 Times. 
Jupiter theFarth Y9*23+55 fumes: 
Sol 343 times. 


53:3 times. 


_— 
QA 


and greater than the Moon 15 
1 Þ 

| Mars ). 55 
1| Venus is lefler than( 26 
6f Mercury ( the Earth .C 11 
*| Luna "> at 
04. 

8 
7 


| Thereare divers other Authors which do 
much differ from him in theſe Magnitudes, 
| but I take him to be neareſt the Truth. 
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\ The Magnitudes of the Fixed Stars, or] ' 
their Proportions compared with the but 
Globe of the Earth, which take as follow 
out of 4x0: de Globis. 


A Star of the 


eld 
Magnitudeis to- 
the Globe of 
- the. Earth. 
Pd FRA—D 
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LE Rr 
Therefore big- | 
ger than the 
Earth. | _ Ns 


JA 
_ 
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or]. This may ſeem incredible to viſual. ſenſe, | 
thelbut if the vaſt Diſtance of thoſe Huge Bo-' 


weldics, and the Diminutive quality of Di- © | 


Tance be conſidered, reaſon will be re&ti- 
lied : For according to Mr. John' Dee's 
computation, the Starry Firmament is di- 
{tant from the Earth 20081; Semidiame- 
Iters, which according to 60 Miles in a de- 
Jeree is 690065 40 Miles: As 1s noted in its 
{proper place. ; 

And well may the Fixed Stars ſeemglittle 
" Jto us; for Doctor Power faies, That 1Sone 
Itood in the Firmament to behold this Earth 
Jifonrs, it could never be ſeen at all, and 
therefore if it were annihilated, would ne- 
lrer be miſled : So much doth Diſtance di- 
Aniniſh the Ovject. , 


Now for their Diſtancgs from this Globe 

-- of the Earth, I ſhall give you them 

from Yarenias in his own words, Geog. 
gen. lib. 1. c. 6. 


Si queras quantum Tellus & nos in Tellure 
 Jexiſtentes, diſtemus a Planetis, ' ſciendum ef}, 
Non efſe unam & eandem perpetuo diſtantiam 
[ſed ſngulis diebus mutari, & propteres Aſtro 
noms tres diſtantiarum gradus recenſent mini- 
j!mam, mediam, maximam. Media Diſtantia 
|Telluris a reliquis Planetis juxtaplurimos Aſtro- 

. 


; Jmos eft hec. 


- 
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A. Luna adiflat Semdiametris ſults 5: «1, 
A Nercurio - T6 4} 
A Venere | 70of. 
4 Sole I150 þ% 
_ AMarte $000 Crater, 7 
A Jove., * 11000 Circiter. 
A Saturno 18009 


© || 


Verum.enim vero omninoincerta eſt: Marti 
Jovis, & Saturni &- Stellarum. fixarum diſt an; 
= ob defettum parallaxis. 1a Copernicandſt! 
potheſs, diſt antia variatir non tantum..a Pla j0\ 
T motu ſed etiam a motyey ipſins Trl. 


Tobn Seller s: Atlas Coeleſtis. 


2 


7, The Sy performs. his Revolutionupl pc 
on his own Axis in 26 dayes. > 

2, Mercury performs his courſe in his 
Elliplis) in, 88 daye* His. proper oral 
mation is 4 d.5'. 12”. the Circuit off his] by 
Sphere is 12059773 miles,ſo that he wheels] : 
in a day 137040 miles In. an hour, 5719] Jea 
Miles, and in a Minute 91 miles. t. 

3. /Yznus makes: her. periodical  Revoly-! [0 
tion in her-Ellipſis. about the.Body of .the|'f« 
Sun in 224. dayes. It is from the. Sun ti I: Q 
the Sphere of Venus 3636104 miles, hencss 
the. Circuit of. her Sphere is ade ere 
miles. Her mean Diurnal Motion -is 1d 26, 
36-. 8. ſothatſhe moves in a day 101912], 
miles, inan hour 4238, ina minute 70” bor 


4+ The 


nho0K IH. Of Aſtronomy. 335 
| 4, The Earth accompliſhes her, Reyolu- 
"Gon in 365 .dayes,. 5 hours, and- 59 mi-. 
| nd which according_to Copernicus Sys - 
I|cme is placed betwixt the Orbs of. Mars.» 
d Venus. It is from the Sun to the Body, 
Lf the Earth 5921896 Miles, The <eircuit.- 
&f her Sphere i is 3 1560207 miles,her Diur-. 
# motion 39 minutes, 8. ſeconds. A Der. 
wires of.2 great Circle.upon the Earths Su- 
xherficies is commonly reputed 60 miles, but. - 
b&yMr. Nerweogs experiment is foungto be. 
n Pies 
VE Mars performs. his Revolution. about - 
1 ſtbe Sun In one, year, 321 dayes, 22 hours, 
Jud 20 minutes, It is from the Say to the . 
Wody of Mars 76: 5292 miles. The..Cir- 
l uit of, its Sphere i 1s. 47993264 miles, his, 
is} Diaroal, motion 31 minutes,.27 ſeconds, ſo, 
l ſar he wheels in a day 69842 miles, in an; 
{our 2910 miles, in a minute 43% miles. 
L| 5. Tupiter runs, his courſe in 11 Egyptian , 
0! Js 315 days, 14 hours, and 30 minutes.. 
t.1s, from, the ,Sun to Tupiter, 26179152 
ities. The. Circuiz, of . his-Sphere, is. 
4 164554670, miles, and his. Diurnal mgtion, 
p{about, the, Sar.is 4 minutes, 59 ſeconds. 
he, wheeleth every day. 17996 miles, 


lfvery hour 1583 miles, and. every. minute 

126.gules, 
7s. Saturn pexformeth.one Revolution a- 
boux the, Swz.in 29 Egyptian years, 162 
| | . dayes, 
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dayes, I hour, 58 minutes. It is from the] 
Sun to Saturn 47833576 miles, the Circuit] 


of his Sphere is 300668192 miles, his pro. 


per dayly motion 1s 2 minutes, © ſeconds, 
Therefore he wheeleth in a day 15956 | 


miles, in an hour 1498, in a minute 25 
miles. About his Body is a bright flat 
Ring which encompaſſeth him abour. 

The Moon 1s a ſecondary Planet, and re- 
tains the Earth for her Center, about, 


which Spe performs her Revolution in 27] 
daye£ 7 hours, 43 minutes. It is from the} 


Center of the Earth to the Moon 203236: 


Miles. The Circumference of her Sphere] 
is 1277483 miles. Her Diurnal Motion is] 
13 degrees, 10 minutes, 35 ſeconds, fo] 
ſhe wheeleth about in a day 465757 miles, q 
in an hour 194.8 miles, and in a minute' | 


30; miles. PR 


The Fixed Stars have a Motion or Cir- | 


cumrotation upon their own Axis, and be 


ſides a Motion of Revolution from Weſt toÞ 


Eaſt, which ina year is not leſs than yy 
feconds, nor greater than 5 1 ſeconds, thit 
it ſeems moſt probable that their Annud 
Motion is 5o ſeconds, 40 thirds, whence it 


follows that they compleat not one Degree | 
in the Ecliptick' ſooner than in 71 years] 


and x7; or 19 dayes, and 12 hours in a mar- 


ner, but the whole Circle of 360 degres}| 


they fun not through in leſs than 25579 
Sideres 


f 
| 
C | 
; 


wy bo 


| 


| From the 
| Center of 
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| Sidereal years, which is Annes Magnus Pla- + 


[ rovicus, (though by the Antients computed 
| to extend to 360co years. ) 


But according to the Opinicn and Ob- E 


| frvation of the Learned Ticho Brahe, 25s 
I | you may fnd in Mathematical Recreations , 
7 fel. 220. Their Diſtances are thus. 


Moon 5 Semidiamerers 
or 19ag15 miles 
1142 diam. 
| or 39 24912 miles, 
Starry 14000 Semidiam. 


Sun 


to the 
1s near 


the Earth 


re] L Firmament or 43184000 mil, 


| But 2ccording to Mr. Dees Computation 
4 20081: Semidiameters, or 69006540 Miles : 


From whence theſe C I do follow. 


1. Suppoſe that a "Wi ſhould go 20 
Miles in Aſcending towards the Heavens 
: every day, he ſhould be above 15 years be- 
fore he could attain to. the Orb of the 
Moon. 

2. If a Milſtone ſhould deſcend from the 


| place of the Sun 10n0 Miles every hour, 


| (which is above 15 Miles in a. Minute, far 

| beyond the proportion of Motion) it would 
be. above 163 dayes before it would fall 
_ down to _ Earth. 


Qs 
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3, The Sun makes a greater way in one 
day than the Moon does in 20 days, becauſe 
that the Orb of the Suns Circumference is 
at the leaſt 20 times greater than the Orb 
of the Moon. 

And thus much ſhall ſuffice to have ſpo. 


ken concerning the Number, the Names, : 
the Order, the Motions, Magnitudes and : 


Diſtances of theſe Heavenly Bodies, the 
Planets, and Fixed Stars, 


Ng 


CHAP. YL 
Of the Spheare. 


(| Come now to ſpeak of the Spheare, and ; 
of Qneſtions .ofethe Spheare , which l '! 
make the ſum and ſubſtance of 4/trenomy, 
as it ſtands in Analogy with Geomerry in ] 
this place : For as Surveying 1s taking 
Heights and Diſta-ces at Land, NVavigati-. 
on at. Sea, and are performed by the Refs ] 
lotion of Plain Triangles : So this part of ] 
Aſtronomy is taking Heights and Diſtances in | 


the Heavens (as is before hinted) and is 
performed by the Reſolution of Spherical 


Triangles, or by Projeition of the Sphear it | 


ſelf, which is the ground of theſe Spherice 


Triangles. And that I may proceed the more | | 
. 01 


metho- 
E 


_— 


DY \ _— 7, 


' 


1 
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methodically, and be more clearly under- 
_ | 
. I ſhall firſt ſhew you what theſe Que- 
Ko of the Spheare are, and how they may 
be termed takins Heights and Diſtances. 
' 2. 1 ſhall ſhew you how theſe Queſtions” 


| pony be reſolved. 


'T. By Trigonometrical LO— or 


the Refolution of Spherical Trian oy | 
More 


Il. By Projection of the Sphear 3, 
' Natural, By the Globe it ſelf. Or, 2. More 


4 Artificial, By Projeftion of the Spheare in 
| plano, and fo ſhew you theſe Queſtions may 
4 not only be reſolved by the Globe, but alſo 
{ by Planiſpheres, Quadrants, &Cc. 

{ _ INI. And laſtly, I ſhall infiſt more largely 
| concerning that principal and moſt uſeful 


queſtion of the Sphear? to Wit, Dialling , 
.or of finding the Hour of the Day by the 
Sun, and the Hour of the Night by the 


| Moon and Stars, and ſhall herewith .con- 
clude the whole work. 


SECT. "2 


Firft then, The Aſtronomical Queſtions of the 
Sphear are theſe, 


. For Heights, . To find 
I. The Height or Elevation of the Pole, 


or Latitude of the _ »Q.2 2- The 
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2. The Altitude or Height of the Sun 
or Stars above the Horizon at any time, 
which are called (particularly their Almi- 
cantaras, and their Meridian Altitude.) 


2. For Diſtances. 


3. The right Aſcenſion of the Sun or] 


Stars may be alſo called an Height, becauſe 


it is the, Meridian, Altitude, or Height of| 
the inoctial above the Horizon :- But: 
may be alſo called a Diſtance, becauſe the} 


Diſtance or Number of Degrees con-! 


tained betwixt the firſt Degree of Aries, | 
and-the Degree of the EquinoCtial that] 


comes to the Meridian with the Sun or. 


Stars is the Right Aſcenſion of the Sun or] 


Stars in Degrees and Minutes. 
4+ TheOblique Aſcenſion of the Sun or! 


Stars, thongh it ſounds like an Height,-is] 
more properly a Diſtance, becauſe it isthe] 


Diſtance in Degrees of the EquinoCtial be- 


twixt the firſt point of Aries, and' that ve | 
ry. point of the Equinoctial that riſes or: 


cuts the Harizon with the Sun or Stars. . | 
. The Aſcenſional Difference is in plain 

Engliſh.no more but the Diſtance betwixt 

the Oblique and Right Aſcenſion. 

' 6. The Suns Meridian Diſtance Norti 

or South from the Equinod@tial, or of a ſtar 


from the Ecliptickis called their Declin#| 


| - 


Lien. __ 7. Tix] 
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1 7. TheSuns diſtance from any of the 12 


ſigns is called his place 1n the Zodiack, 
' 8. His Diſtance of riling or ſetting from 
the due polnt of Eaſt or Weſt, ts called his 


| Amplitude. | ; | 
| 9, The Suns Diſtance at any time from 


any pcint of the Horizon 15 called his Az: 


| mith, or Angle of the Sms poſition. 


10. The Suns diſtance from the next 


Equinoctial point Aries or Libraz requires 
-no Explanation. 


Laſtly, His Diſtance from td. _Meri- 


| dian ſhews the hour of the day, and the 
-| Moon and ftars diſtance from the Meri- 
4,1 dian ſhews the 'hour of the night. And 
| all theſe in theſe: reſpeAts may be pros» 


perly called Heights and Diſtances in Afro 
nomys | 


FEET x: 


| Therefore in the ſecond-place 1 ſhall ſhew your 
how to find theſe Heights and Diſtances. 


t. By Trigonometrical Calculation, or 
the Reſolution of Sphzrical Triangles. 
" 2. By Projection of the Sphear, either 
Globular, or in plarno, in whole, as in the 
Globe ir ſelf and Planiſphears; or in part, 
= in Semicircles , Qvadrants, and the 
tke. 
| Q 3 For 
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For the firſt of theſe, to ſhew you hoy 


theſe Queſtions may be reſolved by the Re / 
ſolution of Spherical Triangles, I ſhall } 


endeavour to do theſe two things. 


1.” I ſhall ſpeak ſomething concerning] 


Spherical Triangies, and the way how to 
make and meaſure them. 
2, I ſhall give yon the Trigonometrical 


proportions how to find theſe ſeveral Aſtro } 
nomical Heights and Diſtances before-men- | 


tioned bx Sines and Tangents. 


O 
of = *& £7 


Of Spherical Triangles. 


ference betwixt them lies only in this 
that the ſides of Plain Triangles are Right 
lines drawn by the fiducial edge-of a Ruler, 
and meaſured by a. Line of equal parts: 


whereas the ſides of ſpherical Trianglesare'] 
Arches of great Circles (that is Arches of | 


any Circle to the ſame Radius) protracted 
upon the Center of the ſame Arches or Cir- 
cles, and mealured by a Line of Chords at- 


As Plain Trianeles, ſo ſpherical conſt | 
of ſix parts, viz. three Angles, and three} 
tides; the Angles of both are meaſured and F 
protracted by, a line of Chords. The dif] 


b 


boi hon} any we Fr NY mm as AY hy bepny . bony 


hm nm, 


|. en OT... 


A A 


ud tnioprm . ar 


ter the ſame manner.that all Circles and Ar- | 


ches are mealured by Degrees and _— | 
AN x 


. 
© 
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And as the Proportions betwixt the 
ſides and Angles of Plain Triangles are 


| found by numbers and fines: As for Exam- 
-ple, The Artificial fine of any Angle is 
| proportionable to the Logarithmetical 


Number of its oppoſite fide; and on the 
contrary, the Logarithmetical Number of 


| any ſide 1s proportional to the Artificial 
| fine of its oppolite Angle : -Soare the lides 
| of ſpherical Triangles ( being Arches of 


ereat Circles ; and the Angles 2kþ meaſu- 
redat their Quadrantal Diſtance, cg at the 
Diſtance of the Radius from the Angular 


| point,) and the proportion. between theſs 
| fides and Angles are found by fires only by 


thisRule. Harm, Cel. fol. 10, 
Inevery, or in any ſpherical Triangle the 


' ſines of the ſides are proportional to the. 
| fines of-cheir oppoſite gngles, and theines 


of the Angles are proportional to the fines 


of their oppoſite lides, 


And in theſe particulars lies the diffe- 


rence betwixt plain and ſpherical Trian- 


gles, and betwixt the protraCting or mak- | 


| ing, andthe meaſuring of the ſame: More 


; 


_— 


b- 


Ah 


+ To meaſure or take the Quantity of any 
of a ſpherical Triangle, aud to 
pretratt the ſume by the Projefion. 


Lay aRuler to = e Angular point, and 
Q 4. X the 


” 


the Extremity of the ſides containing the 
Angle, they being continued to Quadrant, 
and note where the Ruler cuts the Meridi- 
an or outward Circle, at bothwhich pla- 
ces make marks npon the Meridian : The 
Diſtance between thoſe two marks meaſv. | 


red upon your Line of Chords, ſhall give] 


you the quantity of the Angle required. 


And to Protratt an Angle, do thus. 


Fit Taking 90degrees or Radius from | 
your Line of Chords, deſcribe a Circle or] . 
part of a Circle, ſo muchof it as you have] 
occaſion for, and making the Genter tobe} 


tie Angular point, prick out in the ciredm-: 


ference ſo many Degrees and Minutes from | 
the ſame Lineof Chords as you would have} 
your Angle to congain: Then at. the di-] 


ſtance of the Radius from theſe marks it 
the ſame Circumference placing one foot 


of your Compaſles, with the other ſtrike] 


an Arch through the mark'and the Center, 


'do the like with the other mark: Theſe] 


Arches at the Center ſhall include an Angle 


ofa ſpherical Triangle,containing the ſame] 
Number of Degrees as were markt out in 
the Circumference. The like Ratio holds | 
In any other Angle. Burt, 


2, To 


«4 


344 Of Aſtronomy. BOOK 1th | 


] 


11” 
1 
(# 
1 
e. 
e 
6 
1 
S 


f 
| 


Wn» - 


q | BOOK IT. 0, f A {l ronon }o 34 5: 


, 


þ 


2. To Meaſure, ” take the quantity of any 
fide of a Spherical Triangle, 1 


I And to protraC&t the ſame, - 1s more difh-- 


| cult, and requires in the firſt place (leeing: 
| that all Circles have their proper Poles) 


That the Poles of thoſe Circles: (whereof: 
| thoſe ſides are Arches) be found Gad.. 
| "Cp 


3. Now to find ont theſe Poleg, 


Note that the Pole of every oreat Circle: : 


41s go degrees, or a Quadrant of a Circleand 
4 diſtant from the Circle it ſelf upon that line: 
| which cutteth the Circle at Right Angles.: - 
[Thus in a Projection of the Sphear the: 
| Poles of all the hour-Circles are upon the X- 
| quinoctial,and the Poles of all the Azimuths- 


upon the: Horizon : Th@ Poles of the Xqui-- 
noCtial-are. the: Poles of the World ;, and. 


' the Poles of the Horizon, the. Zenith and. 


Nadir. Now to find the Poleof any Arche 


| Gontinued to a Quadrant, lay a Ruler by 
and 


the extream ends of. the ſaid. Arch; 

mark where it cuts the Meridian or outward! 
Circle.: Then take 90 Degrees from' your” - 
lineof Chords,and ſet.off that diſtance from: 
theſaid mark ; and laſtly, lay a-Ruler from'* 
theformer end of the Arch $0 this- latter 
mark ,. and where this crolles the: Circle: 
Q 5 _ whickt: 


: DB 


"-- Oy * 
_ Biz p 


E990. © OF Aſtronomy. BOOK. nr. |} 


which cuts the Arch at right Angles, there. 
is the Pole of the ſaid Arch. To make. it 
more plain by an Example. 

Suppoſe you would find the Pole of the 
Hour-circle PDS in the ProjeQion,. lay a" 
Ruler npon P and D, it will cut the Merj- 
dtanor ontward Circle ine, Then take go 
degrees of your Line of Chords, and ft 


them frome to f. A Ruler layd from P to] 
F will cut the Xquinocial in y, fois y the] 
e Circle ng _ ſo of any other 


Pole of 
as theg 


le of ZGN 1s ©, Gf. 
4. Thus baving found the Pole of a Ci els 


or of the fide of a Spherical Trianjle.;| 
which ts the Arch of a Circle, To meaſure | 


the ſaid ſide, 


Lay a Ruler np wo ſaid Pole, and to | 
O 


the extream ends of the ſide of a Triangle, 
notewhere the Ruler fo laid cuts the Me- 
ridian or outward Circle at both ends of 
the ſide: That Diſtance taken in your Com-. 
paſſes , and meaſured upon: the. Line of 
Chords, will give you the Quantity of the 


fide of the Triangle. As for Examples | 
the Projettion : Let it be required to find | 


the {ide EZ of the Triangle ZEP, lay aRw 


ler to =, (the Pole of the Circle ZEN)) 


and the Angular point E, it will cut the Me-. 


_ ridianin A, and aRuler laid to Z will qt 
tne 


. 


, 


wo 


py wo. wat wh. Ou ci» w$4 © 


| D——— 


i 4 
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| the Meridian in Z, ſo the diſtance MZ. ta- 
ken in the Compaſſes, and meaſured upon 
the Line of Chords, will be found to con- 
tain 78 degrees, and ſuch 1s the quantity of: 


2} the ſide ZE. 


5. Now to Protratt a ſide of a Spherical. 
Triangle, is taught by meaſuring of it, 


| 


| 


| --For firſt you are to find the Pole, then 
F laying your Ruler from the Pole % the ex- 


- tremity of one end of the ſide, makeg mark: 
upon the Meridian or outward Circle, and + 
' make another mark at the extremity.-of* 


34 the other end of the ſide; and laſtly find: 


- out the Center of the Circle to the ſame: 


4 Redius, which will cut both the extremities- 


of the tide required, and 4t 1s done. 
Me 
S E- «& F fo A. « 


Having thus ſhewn you how-to protract* 
and mealure either Angle or ſide of a Sphe-- 
fical Triangle, and wirthal giver: you : pag. . 
343 the Rule to find ont the proportions ; ; 
or by ſomeof the 6 parts given, to find the: 


| reſt, v:z. That the ſines of their ſides are- 


+ | 


proportioral to the fines of their oppolite-: 
Angles & e contra, which Rule 1s. 10 gene- 
ral, that thereby you may reſolve all, or- 
moſt queſtions of the Sphere or Spherical: 


. F 


5 2 
2 {1 rt 
LY 


C 


down the particular proportions by which 
theſe ſeveral Aſtronomical Queftions of the 


Sphear are reſolved and found by the lines. 
of Artificial Sines and Tangents, or Loga-. 


rithmetical Arithmetick. bh 
How to find the Suns place 
And his Declination, 


| His Meridian Altitude, and thereby, 


- TheLatitude, 


All thge you will find Tanght in Navy | 


2 at10n gag. 254 257, and 253, whereunto| 


refer the Reader: They being there handled 


as they are Data, or things given : And 


therefore ſome of theſe being given, I ſhall] 


ſhew you here how they and other poſtu- 


lata's-orguezſita's may be found in theſe fol- ] 


lowing queſtions. 


P ROFL » 


By the Suns ſhadow to find bis Altitude, | 


Take a two-foot Rule , or any other | 


Raffdivided into equal parts: And as the 
_ tength of the ſhadow is to the length of the 
Rule or Staft { held perpendicular to the 


Horizon) upon the line of Numbers; ſo is ] 
the Tangent of 45, or Radins to the Suns] . 


Height required : As ſuppoſe the ſtaff divi- 
' ded into. 109 parts, the ſhadow. is 83 -of:. 


C 


hat 
—_ 
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Triangles: yet 1 think 1t not amils to lay 


theſe: ] 


an a. A. fc cy ot 


an dS am ow ... _ ond. foils. ANY 


+». *% 
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| theſeparts,the extent betwixt 100 and 83 


*S- ls 


| dius,. or 45 upon the Line: of Tangents to 


1 above the Horizon. 


| Zo find the Sis Declination. vide pag. 258. 


Inns ds bod ny oo * 


{ ſos his preſent Declination (which is alſo 
 tobegiven) to his Diſtance from the next 
_ Xquinodial point : Suppoſe the Declinati- 
on 114. 3o ms. his diſtance is 3o d. from 


 andentring Tanrys.. 
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in the Line of Numbers will reach from Ra- 


50d. 18 1, 26 ſeconds, the Suns Height 


PROBL: 2. 


— 


P ROB L. 3. D 

To find the Suns place you have alſo 259% But 
ſhall add this other Analogy , The Smns. 
greateſt. Declination, and his preſent Declt- 
nation given, to find his Diſtance from the 
next Equinottial point , and thereby his 
place inthe Ecliptick. | 


As his greateſt Delination ( which is: 
alwales 23 d. 30m) is to Radius or ſine go, 


the next Xquinoctial point, whichis Aries, 
therefore his true place is juſt leaving Aries, 


PROBL. 4 


fromthe next &/&quinotital point given, To 
find his Right Aſcenſion. 


As the Radius is to the Tangent of his 
Diſtance, cc. ſois the Co-fine of his great- 


Right Aſcenhion. Example, As go 4. is 
Tangegt of 27 4. 50 minutes, 


PROBL. $5. 
cen('on. 


Tangent of his preſent Declination (which 


Aſcenſion 27 d. 50 m. 
WE OT © OY 


To find the Oblique Aſcenſion. 


the Aſcenſional Difference from the right 


=; add 


© 
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The Suns greateſt Declinatton, and Diſtance. 


eſt Declination to the Tangent of his . 


to 66 d. If, ſois Tangent of 3c 4. to the: 


The Suns greateſt Declination, and his preſent-. 
Declination grven , to find his Right Afe 


As the Tangent of; his greateſt Declina- - 
tion (23 4. 3024) 1s to Radius, ſo is the- 


_ £-. _,., as .: 5A £5 A ca A AA ep p—o£.z=7 TH 


ſuppoſe 11 4. 30m. )to the Sine of his Right: | 


If the Declination be North, ſubſtrat. 


Aſcenſion, and it will give the Oblique | 
Aſcenſion. If the Declinatian be South, | 


ww. 
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| add the ſame Aſcenſional Difference and 
| Right Aſcenſion together , and the Sum 
e. | will be the Oblique Aſcenſion. 


1 


PROB L. 7. 


To find the Aſcenſional Difference , the Lati- 


tude and Declination given. 


As the Co-Tangent of the Latitude , 
(which ſuppoſe 384. 30 mm. th&@Latitude 
being 51 4. 30 mn.) is tothe Tangenk of the 
Sans Declination (20 degrees) ſois the Ra- 
] dius (90 4.) to the ſine of the Aſcenfional 
| Difference (27 4. 14 1.) and ſo much the 


| Sun riſeth or ſetteth before or after ſix, ac- 


cording as the Declination is North or 
South, and this 27 d. 14. mz. converted into. 
| time (by allowing 15 degrees to an hour, 
and one degree for 4 minutes of time) is 
1 h. 49 m. and ſo much doth the Sun riſe 


| or ſet. before orafter the hour of ſix, ac- 


cording to the time or ſeaſon of the year. 
PROBL. 8. 


The Latitude of the Place, and Declination 
of the Sun given, To fina his Amplitude. 


As the Co-ſine of the Latitude (38 4. 30) 


1s toRadins (90) ſd is the Sine of the De- 
| _ clination 
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clination(ſuppole 20 4.) to the. ſine of the. 
Amplitude (3:3 degrees 20 minutes.) 


P ROB L. 


\#Fo findthe Suns Altitude, and firſt his Meri- 


dian Altitude, his Declination (only? given. 


If the Declination be North,add the lame: 
to the Complement of the Latitude , and 

| the Total of both ſhall be the Meridian Al- 
titude. If the Declination be South, ſub- - 
ſtrat the ame from the Complement ofthe 
Latitude, and what remains. ſhall be the 
Meridian Altitude. 


PRODALE 10; 


The Latitude and Declination given, tv. | 


find the Suns Aititude at 6 a Clock. 
As the Radius (90 4.)is to the ſine of the. | 


Suns Declination (2&4.) fo is the ſine of the. |] 


Latitude (5 1 d. 30m.) to the ſine ofthe Suns. - 
Altitude at 6, viz. 15 d. 30 mn, 


PF £8.11; 
The Latitude and Declination given , To 


© find the Suns Altitude when he is #por the 
true Eaſt and Weſt points... | 


& . As the ſine of the Latitude (57 d. 30m.) 
| 1s to the line of the Declination (20 4. ):ſo 
is the Radius (90 a.) to the ſine of Hu 
00S 


- 


5 A AS FA mn. 


- 


77 


b Suns diſtance from ſix to the 
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© | Suns Altitude , being due Eaſt or Weſt 
(23 4. 55m) | 


FAC EF ©: 


To find the - Suns Altitude at any time 
aſſigned. | 


Firſt, Say as the Radius is tothe Cotan- 
gent of the Elevation, ſo is the ſfineof the 
Langent of 
an Ark, which being ſubſtratedDur of the 
Suns diſtance from the Pole. I CNapaia, 

Secondly, As the Co-ſine of the Ark found 
is to the Co-ſine of the Reſidue of the Suns 


. | Diſtance from the Pole, ſois the ſine of the 


Elevation to the ſine of the Height required. 
P ROB fo 13. 


To find the Angle of the Suns Poſttion, having 
given the hour from Noon; The Latitude, 
and the Suns Altitude. 


As the Co-ſine of the Suns Altitude , 
(which ſuppoſe 78 4.) is to the ſine of the 
hour from Noon (35 d. 36.) fois the 


. Co-ſine of the Latitude (38.4. 30 mn.) to the 


line of the Angle of the Suns Poſition at 


' the time of the Queſtion, (21 4. 45m.) 


The 
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| FaaCOEIS © ; J 
The Latitude of. the place, and Decline | 
tion of the Sun being given, To find the (" 
Angle of the Sins poſer; tion at his Riſing, | '* 


As the Co-ſine of the Declination (504.)] 
is to Radius (90 4d.) ſo is the ſine of the] 
Latitude (51 4. 30-4) to the ſine of the T 
Angle of the Suns Poſition at the time of 
. his riſing. | 


© PROD bs. 
Having the Suns Altitude, His Declinatia; 13 
and Diſtance from the Meridian { or the ( 
hour of the day) given, to find his Azimuth, | © 


As the Co-ſine of the Suns Altitude , |" 

( which ſuppoſe 644. 4 mr.) is to his dis | © 

- ſtance from theMergdian (61d. ) or 4 hours, ' \ 

4 m. before-noon (viz. 7 hours 56 mm.) ſo is] 

the Co: ſine of the Declination (78 4.30.) 

to the Suns Azimuth from the South Eaſt- 
wards, (viz. 72 4.22, m.) 


| 

PROBL. 16. | 

The Latitude of the place and Decline | 

tiox of the Sun given, To find what Azi- | 
ruth the Sun ſhall have at fix aClock. 


As the Co-ſine of the Latitude ( 384. 
307.) is to Radius (yo 4.) ſo is the Cor 
: tangent. 
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| Noon - ' The time of the day required. 


| 355 
Tangent of the Declination (70 a.) to the. 


{Tangent of the Suns Azimuth counted from 


the North part of the Meridian (77 4. 
14 2) 


PRORBL. 17. 


The Declination, Altitude, and Azimuth of- 
the Sn being given, Tofind the Hour of the 
. Day, : 


As the Co-(ine of the DeclinatBn 78 d. 
30m.) is to the Co-ſine of the Attitude 


1 (644.4 m.) ſo is the Azimuth (72 d. 22 mn.) 


to 61 4.) the hour of the day. This 61 4. 
converted into time gives 4 hours, 4 mi- 


nutes, which taken from 12 hours, the Re- 


mainder is 7 hours, 55 minutes before 


_— 


Mr, Leyburns Analogy ts this, 


As the Co-ſine of the Declination (70 4.) 
| to the ſine of the Azimuth (1460r 34. . 
| degrees) ſo is the Co-fine of the Alti- 
tude (584. } ro the ſine of the hour from 
Noon 35 4. 36 mm. 


CHAP. 
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— —_. 


CHAP. VIL 


Hus you have the ſeveral Analogies and ] 


Proportions, whereby may be reſol- 


ved theſe moſt uſeful Queſtions or Problems } 


of the Sphear by the Rule of Three, wrought 


either by Logarithmes, pag. 31. or by the | 


Lines of Artificfal Numbers , Sines , arid 


Tangent, paz. 4.1. taking this Obſervati- ] 


on al#hg with you. 


'; That( As) denotes, or is put before the'] 
firſt Number : (7s to) the ſecond : (So #)'| 
denotes the third : and (To) denotes or } 


precedes the fourth , ſo that multiplying. 


the ſecond by the third, and dividing the } 


Produdt by the firſt, produceth the fourth 
in the Dire Rnle%f Three, pag. 19. and 
multiplying the Firſt by the Second , and 
dividing by the Third, produceth the 
Fourth by the Indire&t or Reverſe Rule of 
Three, pag. 19. where you may find: both 
the ſaid Rules. | 
. Further you may obſerve, That the Suns 
Declination and Altitude is Aſliſtant to find 
the Latitude: His Amplitude and Azimuth, 


to find the variation of the Compaſs : The | 


Aſcenſional Difference to find the time of + 


the Suns Rifing and Setting : The right | 


Aicenlion. | * 


« 
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to find their coming upon the Meridian , 
and the hour of the Night: The Latitude, 


1 Declination, and the Suns Altitude, and 
[ azimuth is Aſſiſtant and ſubſrvient to the 
- | finding the hour of the day : Theſe two 
| laſt put together, that is, the finding of 


the hour of the Day and Night is that 


which we call Dialling, concerning which, 
| you will find ſomething particulay]y in the 
] Concluſion of this ſmall Treatiſe. 


Having now ſhown you how thoſ? que- 


| {tions of the Sphear may be reſolved: by 
Trigonometrical Calculation, and their ſeve- 
| ral Analogies and Proportions alſo, by 


which they may be found by Arithmetical 


| Operation. I come now to ſhew you how 
theſe may be done by ſeveral Projetions, 


Firſt, By the Glob@it ſelf, being the 


] moſt natural projection of the Sphear ofall 


others whatſoever. _ | 
Secondly , By Theakers Planiſphear , an 
I:ſtrument of good uſe for this purpoſe , 


| called. a light to the Longitude. 


| Thirdly, By. Mr, Fofters Quadrant, that- 


| is, a Quadrant with hour Lines. 


Fonrthly, By the Projection of the Sphea 


| in plano. And, _. 


Laſtly, I ſhall particularly infiſt more at 


large upon that Queſtion concerning find- 


1ng of the hour of the day by the Sun, and 


\, « -— : of 
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ofthe hour of the Night by the Moon and 
Stars, which may be properly termed Dji- 
alling, and with that conclude what I here. 
intend in this Manual. 


"3 2 22 8 


The Uſe of the Globe in queſtions of the Sphear. | 


Thoſe who have a mind to be throughly 
inſtru&ea in the general Uſe of the Globes, | 


both Tealeſtial and Terreſtrial,l recommend | 


to them that moſt compleat Book written | 
by Mr. Foſeph Moxon concerning the Uſe of 
the Globes in the ſolution of Aſtronomical, : 
Geographical, Nautical , Aſtrological, 


Gnomonical Problems, and in the ST 


tion of Spherical Triangles at large : What: 
I here intend is affer a very brief manner, 


to. ſhew you how theſe Queſtions of the ] 


Sphear may be reſolved by the Globe eafily 
and ſpeedily. 


F irſt then, You are to find the Latitude of | 
the place where the queſtion 15 propounded. 


Which to do by Obſervation is taught 
pag. 255. but if you deſire to do it by the 


Globe, youareto bring the particular place 
to the Brazen Meridian, and the degrees. 


reckoned thereupon from the Equator to 


PR, the * 


Ic 


he 
La 
the 
0b 
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a [the place whoſe Latitude you ſeek, 1s the 
: [Latitude whether North or South : And for 
« [the Longitude likewiſe you may find it by 
*Jobſervation, as in pag. 260. and by the 
Globe. Obſerve what Degrees of the 
{Equator comes to the Meridian with the 
Iplace, the ſame is the degrees of Longitude 
fromthe firſt Meridian. 


r, 
- Un the next place you are to rettifie your Globe 
T fit for uſe : Which fo ao, ®V © 


S 1 
< 1. When you redtifie the Slobe to any 
Jparticular Latitude, you muſt move the 
; Prazen Meridian through the Notches of 
' Tthe Horizon, till the ſame Number of De- 
|erees accounted on the Meridian from the 
+ [Pole (towards the North point in the 
(Horizon, if in North Satitude, and to- 
{wards the South point, if in South Lati- 
tade)) come juſt to the edge of the Horizon. 
Tt 2. Next reftifie the Quadrant of Alti- 
Itude, and ſcrew the edge of the Nut that 
f [even with the graduated edge ofthe thin 
; [plate to the ſame Number of Degrees as 
'Jthe Latitude is accounted on the Meridian 
- [from the EquinoCtial, which will be the Ze- 
, [th of the place. . | 
» |: 3- Bring the degree of. the Ecliptick the 
1 Sun is in that day to the Meridian, (which 
0 
. 


you ſhall learn to know - hereafter ) and 
| . cn 
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then turn the Index of the Hour-Circle to 
the hour of 12 on the South-ſide the 
Hour-Circle, if in North Latitude & con- 
tra; and then Is your Hour-circle- alfo 
rectified, fit to uſe for that day. 

Laſtly, To reQtifie the Globe to corre. 
ſpond in all reſpefts with the poſition of 
the Sphear, you muſt with a Needle placed 
in the bottom ſet the 4 quarters of the: 
Horizon Eaft, Weſt, North, and South, a- 


greeableo the 4 Quarters of the World, | 


and ge Horizon by a Level you may ſt 
parallel to the Horizon of the World. 


And poſiting the degree of the Ecliptick | 


the Sun is in to the Height above, or depth 
below the Horizon the Sun hath in Hea- 
ven: Your Globeis made correſpondent in 
all points with the frame of the Sphear, 
for that particulag Time and Latitude, 


The Globe thus reflified, you may find all the| 


forementioned Problems on this manner. 


1. Find the day of the Moneth in the 


wooden Horizon, and over againſt it you] 


will find thedegree of the Ecliptick, which 
the Sun 1s in that day : As ſuppoſe at Zo 


don (where the Pole is elevated 5 14 degrees |- 


of Northern Latitude, the Globe rectified 
for the ſame Latitude, as alſo the. Hour- 


again 


Circle , and Quadrant of Altitude) over | 
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againſt the 10th of May you will ſee the 
Suns place in the Zodlack is 29 degrees of 
ov Tanuras. 

2. Bring this degree which is the. Suns. 
place to the Eaſt-fide of the Horizon, and 
its diſtance from the Equinoctial, or from 
the due Eaſt point is the Suns Amplitude , 
or ſo much as the Sun riſeth before or after. 


| the hour of ſix 33 d. 20 2, from the Eaſt- 


point Northwards in this Example. 
3. Look upon the Hour-Circi®, and the 


| Index willpoint to the hour of SurSiſing, 


which in this Example 1s 12 Minutes alter 


4 in the morning, 


4. Obſerve what degree of the Zquino- 
(tial rifeth with the Suns place, and that 43 


{ bis. Oblique Aſceniion, reckoning from the 


Vernal colure in the Celeſtial; and from 


the firſt Meridian in tie Terreſtrial Globe. 


5- As you move the Globe round upon 
his Axis Weſtward, you may (at any time, 


| or hour which the Index of the Hour-Cir- 


cle points to) know the Suns Altitude at 


| that time , by brinzing the Quadrant of 
| Altitude to cut the Suns place : As at 53 mn, 


palt 8 in the morning, you will-find it juſt 
40 degrees high above the Horizon : And, 
6. The Quadrant of Altitude at the Ho- 
rizon will ſhew his Angle of Poſition, or . 
upon what point of the Compaſs it is. 


R : ; 9: Thz - 
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7. The Suns Azimuth 1s the ſame with: 


His Angle of Poſition. 
8. Andhis Almicanter the ſame with his 
Altitude. 


9. Bring the Suns place to the Meridian, 


' and there the degrees intercepted betwixt 


the Suns place and the Horizon, reckoning 


upon the Brazen Meridian, is the Suns Me. 
ridian Altitude : In this Example, (50 d. 
30m.) 


10. Ti Diſtance betwixt the Suns place 


in th&Ecliptick, and the Equinoctial is | 
the Suns Declination reckoned alſo upon | 
the Meridian : In this Example (20 4. 5 m.) 
. 11. TheDegreeof the Equinoctial which. 

comes to the Meridian witkthe Suns place, | 


is his right Aſcenſion, reckoning from the 
Vernal Colure, or firſt Meridian. 

12. The numberof degrees comprehen- 
ded betwixt the Oblique and Right Aſcen- 


tion, 1s the Aſcenſjonal Difference reckoned | 


upon the Equinoctial. 

13. At any Degree of Altitude, either 
before Noon, or after Noon, the Index of 
the hour-Circle points.to the hour of the 
day: 
14+ And laſtly , when the Suns aw 


comes to the Welt fide of the Horizon , 


the Index of the Hour-Circle wil] point tq 
the hour of Snn-ſetting, and alſo will ſhew 
Qt d Ovligue Deicenſion, and upon what 
Azimuth 


LY 


PW 
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' the Meridian,. place it upon the G 
' the Altitude obſerved, ſo ſhall the Number 


as1n 5,6, 7,8, fol. 369. R 2 ; 5. Io 


Azimuth'or point of the Compaſs it ſets, 
and how much before or after ſix. 

What is here ſaid of the Snn, the ſame is 
tobeunderſtood'of any Star, uſing the ſaid 
Star as you do the Snns place: As to In- 


fance in theſe particulars : The Globe re- 


ified as before. 

1. By the Meridian Altitude of any Star, 
to find the Elevation of the Pole : Obſerve 
by a Quadrant or other Inſtrameyg the Me- 
ridian Altitude, and bringing the Star to 
e to 


of Degrees intercepted between the Pole 
and the Horizon, be the elevation of the 


1 Pole. 


2. To find the Right Aſcenſion of any Star, 
bring the Star to the Meridian, and the 
Number of degrees betFixt the Vernal co- 
lure, and the Meridian its Right Aſcenli- 


' on; in like manner for his Oblique Aſcen- 
 fion, or oblique Deſcenſion. 


3. To find the Declination of a Star , 


| bring the Star to the Meridian and court 


the Number of Degrees betwixt the ſaid 
Star, andthe Equinotial, the ſame is the 
Stars Declination be it North or South. 

4- The Azimuth and Almicantara, or 
which isall one, The Altitude and Angle 
of Poſition of any Star is found the' ſame 
way asthe Suns Azimuth and Almicantara, 


\ . | 
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5. To know any Star in Heaven, Firſt, 


| having a Theodolite, with a moveable In- | 


dex, upon the Index fix. a two-toot Rule, 
or ſuch a thing perpendicular ; and at the 
top of the Rule hang a Quadrant, then pla- 
Cing your Theodolite trueNorth and South 


by help of a Needle, or a Meridian Line, 


you may by the Quadrant take the Almican- 
tara or Altitude; and the Index of the 
Theodolite will ſhew the Azimuth or An- 
oleofPoſftion : And obſerve by the Globe 


what Sar there hath the ſame Azimuth and ] 


Almicantara at the ſame time, and that is 
the ſame Star which you obſerved in Hea- 
ven: Forifevery Star on the Globe had a 


hole in the midſt, and your Eye were placed | 


in the Center of the Globe, you might by 
keeping yourEye in the Center, and look- 
ing through any St&& on the Globe, ſee the 
ſame Star in the Heaven, which that on 
theGlobe doth repreſent; for from the Cen- 
ter of the Globe there proceeds a ſtrait 
Line through the Star on the Globe even to 
the ſame Star in Heaven. | 

6. The Meridian Altitude of a Star is 
found upon the Globe by bringing the ſaid 


Star to the brazen Meridian, and recko- 


ning how many degrees It is above the Ho- 
rizon, the Globe rectified as before ſhown. 

7. And by the Hour-Circle, turning a- 
bout the Globe, you may obſerve at what 


hour | 
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hour any Star will be upon the Meridian , 


| towit, when the ſame Star onthe Globe 


touches the Brazen Meridian. 
8. TheGlobe reCtified, and the Altitude 
of 2 Star found by a Quadrant in the Hea- 
vyens, and the ſame Star broughrtto the ſame }. 
degree of Altitudeupon the Globe, by the 
Quadrant of Altitude,the Index of the hour- 
Circle will point to the hour of the night. 

9. The Riſing and Setting of the Stars 


are found as the riſing and ſetting of the 
\ Sun : But this riſing and ſetting adgits of 


threefold diſtinction : 
1. Coſmical, when any ſtar rifeth with 
the Sun, it is ſaid to riſe Coſmically, and 


| when any. ſtar ſets when the Sun rileth, it is 
faid to ſet Coſmically. 


2. Acronical, The ſtars that riſe when 
the Sun ſets are ſaid togiſtAcronically, and 
the ſtars that ſet with the Sun are ſzid to 
ket Acronically. 

3. Heliacal, when a ſtar formerly in the 
Suns Beams gets out of the Sun Beams, It is 
faid to riſe Heliacally, and when a ftar for- 
merly out of the Suns Beams gets into the 
Suns Beams, it'is ſaid to ſet Heliacally. 

Ard what ſtars do riſe or ſet any of thee 
wales, and when may be eaſily found by 
the Globe, as in Moxons lib. 2. Probl. 35, 
36, 37, Which I ſhall not here inſiſt upon. 


R 3 - Lftly 


Laftly, 1 ſhallſhew you how to. find the 
Longitude and Latitude of a ſtar, and fo 
conclude as to the Ealeſtial Globe. . . 

[f the ſtar you enquire after be on the 
North-ſide the Ecliptick, you mult elevate 
the North Pole 66+ degrees: If on the 


South-lide you muſt elevate the South Pole 


2s much, then bring the ſolſtitial colure to 
the Meridian on the North ſide the Horj- 
Zon, and ſcrew. the Quadrant of Altitude 


Ecliptick lye in the Horizon , and the 


Pole of the Ecliptick alſolye under the Cen-- 


ter of the Quadrant of Altitnde : Now to 
find the Longitude of any ſtar, turn the 
Quadrant of Altitude about till the gradue- 


ted edge of it lyeon the ſtar, and the de-. 


gree in the Ecliptigk that the Quadrant 


touches is the Longitude of that ſtar « And | 


the degree of the Quadrant of Altitude that 


touches the ſtar is the Latitude of the ſtar, * 


ſo the Longitude of Marchab a bright ſtar 


inthe Wing of Pegaſus will be found * 184. | 


56. andits Latitude 194. 26 m., 

What hath hitherto been ſaid, concerns 
the Cceleſtial Globe, I ſhall add a few pro- 
politions proper to the Terreſtrial, which 
together will contain the principal Pro- 
blems to be performed by the Globe; 


Ta 


. 
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1, To find the Diſtance between any rw places ' 
on the Terreſtrial Globe. 


The graduated edge of the Quadrant of 
Altitude applyed to both the places, will 
ſhew the number of Degrees betwixt them ;. 
or with a pair of Compaſſes pitch ore foot: 
in one of the plates, and the other foot in. 
the other place, and keeping your Com- _ 
paſſes at that diftance, apply we feet to 
the EquinoCtial Line, and you vall find 


the number of Degrees comprehended be- 
tween them: As ſuppoſe the places were 
- Londen and Jamaica, you will find 683 de- 


grees, which multiplyed by '60, makes 4. 10. 
Engliſh Miles. 


2. To find up'n wg. point of the Compaſs: [ | 


any two places are ſcituate one from anther. 


Find the two places on the Terreſtrial. 
Globe, and ſee what Rumb paſſes through 


them, or if no Rumb paſs immediately 


through both, take that Rumb which runs 
moſt parallel to both the places. 


3. To know what a Clock it i5:in any other- 
part of the Earth. 


Note. that thoſe places to the Eaſtward 
R 4+. - of. 
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of us have their day begin ſooner than ours, 
and thoſe to the Weſt-ward later ; there- 
tore firſt bring the place of your own ha- 
bitation to the Meridian, and the index 
of the Hour-Circle te 12, then bring the 
other place to the Meridian, and the Index 
will point to the hour in the other place, 
. be it ſooner or later. 3 


4. Anyplace onthe Terreſtrial Globe given, 
to find its Antipodes. 


| Brig the given place to. the Meridian, 
ſo yor'may find its Longitude and Latitude, 


Lien turn about the Globe till 180 degrees # 


ofthe E&quator paſs through the Meridian, | 


and keeping the Globe to this poſition, num- | 


ber on the Meridian 180 degrees: from the. 
Latitude of the given place, and the point 


juſt, under that degree is the Antipodes; | 


or bring the given Þlace to the North or 
South point of the Horizon, and the point 
of the Globe denoted by the oppolite point 
of the Horizon is the Antipodes. of the 

e1ven place. 


5. To fiadthe Perecy of any 9tven place. 


You muſt underſtand the Perecy of any 
Place are ſuch as dwell about the ſame He- 
miſphere in the ſame Parallel from the 
&guator, the one Eaſtern, the other We- 
ſtern, directly . oppolite to one another: 
| T here- 
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Therefore bring your place to that ſide the 
Meridian which 1s in the South notch of the 
Horizon, and follow the: parallel of that 
place on the Globe till you come to that 
fide the Meridian which is in the Northern 
notch of the Horizon, and that is the Pe-_ 
recy. of your place. 

7: To find the Antecy of any given place. 

The Antecy are ſuch as dwell one againſt 
another, having the: ſelf ſame Fletidian , 


and equal diſtance from the Xquatgr, the 
one in the Northern, the other in tffe Sou- 


| thern Hemiſphere , therefore bring your 
[ place to the Meridian , and find its Lati- - 


- | tude: Then if it have North Latitude ,. 


count the ſame number of Degrees on the 
Meridian from the ZXquator South-wards : 


' Kut if 1t have Sovth-Latitude, count the: 


ſame number of Degre& from the Xquator 
Northwards, andthe Point of the Globe: 
dire&ly under that number. of Degrees is 
the Antecy of your place: 


8. How to hang the Terreſtrial Globe in ſuch: 
a Poſition, that by the Suns ſhining upon 
it, you may with great delipht at once 
behold the Demonſtration of many: PrinCi=- 

ples in Aſtronomy and G eography.. * 
 Takethe Terreſtrial Ball out of the Ho=: 
11zOn, and faſten a Thread on the 'Brazeqm 
; | R. 5. | Meth>- 


EF: 3/0 

- Meridian to the Degree of the Latitude of 
your place : By this thread hang the Globe 
where the Sun-beams may have a free acce 
to-it : Then 'direCt the Poles of the Globe 
' to their proper Poles in Heaven, and with 


a thread faitned to either Pole, brace the | 
Globe ſo that it do not turn from his poſi» 
tion : Then bring your habitation to the - 


Meridian, fo ſhall your Terreſtrial Globe 
be reftified to correſpond in all reſpe&s 


with the $arth itſelf, ſo that with great 


delight you may behold 

1. Gow the counterfeit Farth ( like the 
true one) will have one Hemiſphear Sun- 
ſhine-light, and the other ſhadowed by the 
ſhining Hemiſphere, you may ſe that it is 
day in all places that are ſcituate under it, 
for on them the Sun doth ſhine: And that 
It Is Niz ht at the ſame time in thoſe places. 
that are ſcituated if the ſhadowed Hemi- 
ſphear ; for on them the Sun doth not ſhine. 


2. If in the middle of theenlightned He, 


miſphear you ſet a Spherick Gnomon per- 
pendicularly, it will project no ſhadow, but 
ſhew that the Sun is juſt in the Zenith of 
thar place, that 1s direCtly over the heads 
of the Inhabitants. 


3. [f youdraw a- Meridian Line from one t 
- Pole to the other juſt through the middle. 


of theenlightoed Hemiſphear,. in all places. 
- under. that. Line, it.is Noon ;, In. thoſe: ple 


. 
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ces ſcituate to the Weſt it is Morning, for - 
with them the Sun is Eaſt 3; 'and in thoſe: 
places ſcituate to the Eaſt, it is Evening;. 
for with them the Sun is- Welt. 

4+ So many degrees as the Sun reaches be- 


| yond either the North or South Pole, fo- 


many Degrees is the Declination of the Sun - 


| either Northwards or South-wards, and in- 


all thoſe places comprehended in a Circle: 
deicribed at the termination of the Snn-- 
ſhine about that Pole, it is alwajes day till: 
the Sun decreaſe in Declination ;. for the” 
Sun goes not below their Horizon,Ws you: 


| may ſee by turning the Globe about upon: 


its Axis: And in the oppoſite Pole at the: 
ſame diſtance the Sun-ſhine not reaching: 
thither, it will be alwales Night till the- 
San decreaſe: in Declination, becauſe. the: 
Sun riſeth not above their Horizon: 

5. If you let the Gl#be hang ſteddy, you: 
may ſee on the Eaſt-ſide of the Globe in>. 
what places it grows Nrght; and on. the- 
Weſt-ſide of the Globe how by little and: 
little the Sun encroaches upon it, and there-- * 
fore there makes it day. 

6. If you make of paper or parchment a: 
narrow Circle to begirt the Globe juſt in 


_ the EquinoCtial, and divide it into-24 equaFF 


parts to repreſent the 24 hours of day and: 
night,. and mark it in order from, 23.3, 
to 12, and+then begin again .with:1 ,.25-35-, 
TQ2 
- » = . 
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to other 12, you may by placing one of the . 
Twelves upon the EquinoCtial under the . 


Meridian of your place have a continual 
Sun-dial of it, and the hour of the day gj- 
ven on it at once in two places, to wit, 


where theenlightned Hemiſphere is parted 


from the ſhadowed both on the Eaſt and 
Weſt-ſide of the Giobe 3 much more might 


be ſatd on this ſubject, but the ingenious 


Artiſt may of himſelf find out diverſities of 
other ſpeqglatione. 


And thus munch ſhall ſuffice to'-have ſpo- 


ken cfcerning the vle of the Caleſtial and 
TerreſtrialGlobes,and fo | ſhall return from 
this Digrefſion to my former propoſed Me- 
thod; and ſhew you how molt of thoſe 
formerly mentioned queſtions of the Sphear, 
or Sphericsl Problems, pag. ' 398 - be 
reſolved. 


SEMI. 
By Theakers Planiſphear. 


* Fhis Inſtrument conſiſts of two Sphears | 


or Plains, the lowermoſt and fixed, where- 
11 is deſcribed three ſeveral hour-Circles, 
the uppermolt divided into 24 hours,where- 
inis reckon'd the Right Aſcenſion of the 


Sun or Stars In hours and minutes : The - 
next is called Aries hour-Circle, having. 


Y ſtanding betwixt 24of the outward hour- 
Circle » and 12 in the inward or third 
hour: 


__—_— __ , F& 2. 
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| hour-Circle ; in this is reckon?d the time of 


373 


the Sun and ſtars rifing and ferting, or 
of the ſtars coming to the South - The third 
hour-Circle is divided into twice twelve, 
and in this is reckoned the difference of 
time, and next to this is the AquinoCtial 
Circle divided into 360 degrees : In the 
upper moving Sphear or Plain is drawn, 
Firſt, The Circle of Moneths , placing 
Y-Ariesat the 10th. day of March, by which 
means you may there find any day of the 
Moneth you delire : Secondly, Next to this 
is again placed another EquinoctiaMCircle 
divided into 360 degrees. Thirdly, Fhe _ 
Ecliptick, containing the 12 ſignes of the 
Zodiack, cach fipne divided into 3odegrees. 
There is alſo belonging to this moving 
Plain a moving Meridian, I call an Index 


graduated both waies from the EquinoCtial, 


whoſe length is equal®to the Diameter of 
the AquinoCctial deſcribed on the upper cmo- 


'ving Plain : The other parts whereof be- 
t yond what is graduated ſerves to cut the 


Circle of, Moneths , the Equinoctial and 
hour- Circles on the lower Plain as occaſion 
Ks. Laſtly, There cught to be alſo a turn- 
ing Horizon which may be fitted for any 
Latitude, having two Indexes thereunto 
belonging, a longer and a ſhorter according 
to the Pattern, to make which Horizons 


forall Latitudes upon a piece of Paſt-board, 


draw 


374 
draw 2 lines perpendicularly croſſing each 
ether in the middle, the length of one of 
theſe Lines make equal to the Diameter 


of the upper Sphear, and upon the other 


Line from. the Center mark out the Lati- 
tude, by which means there is found three 
points, now find the Center to thoſe 3 
points, and ſtrike an Arch and cut out by 
that Arch the Horizon required. 


PEG. 
s 


How bMAhts Inſtrument to find the Declination 
place in the Ecliptick, and the Right Aſcen- | 


ſion of the Sun or any Star. 


Firſt, Turn the upper Spheartill Aries Y, 


or the 10th of March ſtands direttly againſt 
Aries \ in the lower Sphear. Then bring 
the- moving Meridien to the day of the 
Moneth, if your queſtion be concerning the 
San ;- or if it concern a ftar, lay the Index 
upon the Center of the ſtar (whereof you 
find many. with their Names added upon the: 
upper moving ſphear.) This done, obſerve 
that the Diſtance betwixt the XquinoCiaF 


on the upper plain, and the ſuns place- or- 


ſtar 3 is the ſuns or ſtars Declination 
and the point or place cut in the Ecliptick 
at the ſame time by the Index, ſhews the 
ſign ,. degree, and minute; -the.ſun ar ſtar is 


if 5; 
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in; being their place or Longitude in the 
Ecliptick: And the Degree and Minute 
then cut in the EquinoCcial by the Index, 


'| ſhews the ſun or ſtars right Aſcenſion in 


degrees and Minutes, and the ſame is ſhewn 
in Hours and. Minutes in the outermoſt 
Hour-Circle of the lower Plain : For Ex- 
ample, the 20th of April the ſuns Declina- 
tion is 15 degrees North,.his place is 1o d.. 


' $ x. of © Taurus, his Right Aſcenſion 38 4, 


which in time is two hours, 32 minutes. 
The 17th of Fuxe the great. Dogs decli- 


| nation, 16 4d. 32 1, his place or Lorfpitude 
. 5degrees of Cancer © : His Right Aſcenſion 


o84d.and in time 6 hours, 32 minutes. 


FF EOF 4 4 


To find the Riſing and Setting of the Sun or 
any Star. * 2 


If the ſun or ſtar have North Declinati- 
en, bring the longeſt Index of the Horizon 
to 12 hcurs in Ares hour-Circle, which 
will alſo cut 20 degrees of Longitude in 
the Equinottial, the- Meridian of London : 
But if the ſun or ſtar hath ſouth Declina- 
tion, then bring the ſhorteſt Index of the 
Horizon to the ſame place, and there keep 
the Horizontal Index.faſt, and if you de- 
fre to.know.its Riling2oturn the upper mo-- 

| ; ving: 
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ving ſphear till the place of the Sun or the 
ſtar. come exattly to touch the Circular 


edge of the Moving Horizon in the Eaſt - 
Semi-circle of the moving ſphear ; or if 7 


you delire its ſetting, bring the Suns place 
or ſtar to touch the Horizon in the Weſtern 


Semi-circle : Then turn the moving Index 


or Meridian to theday of the Moneth, and 


the ſame [ndex will there ſhew you the tine | 


of the Sun or ftarsriling or ſetting in Artes 
hour-Circle : For. Example, the 20th of 
April the Suns place being 104. 121, of 
Taurs® riſeth at-4b. 48m. in the morn- 


ing, and ſets at 7 h.-12m. in the Afﬀter- | 


noon. Alſo the great Dog the 19th of 
March riſeth at one a Clock 52 minutes in 
the Afternoon, and lets at 11 hours, or 
x1 a Clock 8 minutes at night. 


PROM £5. 
To know when any Star comes to the South. 


Firſt, Bring the Moving Meridian to 
12 hours in Ar:es Hour-Circle, and 20 de- 


grees in the Xquinoctial,; the Longitude or | 


Meridian of London: keeping that faſt, move 
the upper ſphear till the ſtar come juſt to- 
the graduated edge of the moving Meridian, 
and there keep the ſtar faſt, then tura the 
faid moving. Meridiaa to the day of the 


Moneth, 


, 


| 


-— ac a a twS a> Aa A 


| 


1]: (376. ) Preb.3. for to know at what hour 
| any ſtar comes to the South muſt neceflari- 
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| that ſtars coming to the South : So the 


left ſhoulder the ſame day at 9 h. 37 m. &c. 


| To uſe Theakers = inſtead of a 


\ . other hour may be found by knowing how 


Month, and in Aries Hour-Cirele the ſame 
moving Meridian will ſhew you the time of 


great dog the 1/}. of ZFannary comes to the 
South 11 a Clock at night 5 and Orions 


Nofturnal, or by it to nd the hour of the 
Night by any Star-which ts thereon. 
&Þ 
This may be done two ſeveral,wales : 
The firſt is the ſame with that deſcribed 


ly ſhew what” hour it is when that ſtar 
comes to the South, and conſequently any 


many hours ſuch a ſtar, is paſt 'the Meridian, 
or ſhort of it: And therefore, 

I. Suppoſe 12 hours in Aries hour-circle, 
and 20 d.in the EquinoCtial, the Meridian 
of London (which are both one) to be in- 
ſtead of the Flower de Luce, or North point 
In a NoQturnal : By help of the Index bring 
the ſtar on the Inſtrement ſo many hours 
paſt it, or ſhort of itz as the ſame ſtar is 
paſt or ſhort of the North-point in Hea- 
ven- Keeping the ſtar to that poſition , 
move the Index to the day of the Moneth , 
and in Aries hour-Circle the ſame Index will 
ſhew you the hour of thenight., 2. Sup- 
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2, Suppoſe Y to be inſtead of the Flower 
de Lace or the North point, bring the'ſtar 
ina due poſition thereunto, and the day 
_ of the Moneth ſhall point exactly to the 
hour of the night in the third hour- Circk, 
next below Arzes hour Circle in the Fixed 


Plain : So the firſt of April the bright ſtar | 


in the Rump of the great Bears Tail being 
upon the Meridian, either of theſe wales it 
will appear to be ;ofan hour paſt 11. 


P R O bal 
& P ROB » 4 
Toſind at what time the Moon, or any «f the 
Planets come to the Sorth, 


Firſt, You muſt know the Sign and Degree 
in the Ecliptick which the Moon or Planet 
is in ;. and bringing the moving Meridian 
or Index to 12 hours and 20 degrees the 
Longitude of Londox , bring the degree 
which the Moon or Planet 1s in to the edge 


of the Meridian, and there keep both faſt, 


and then look in the Circle of Moneths, and 
right againſt the day of the Moneth 1n 


Ares hour-Circle, you will ſee at what a. 


Clock that Planet comes to the South : But 

for the Moon you muſt remember to add 

2 minutes for each hour, vide Theaker' 
Book, par. 20. 

Thoſe that deſire to know more of this 

. Inſtrument, 


.” 
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Inſtrument, 1 refer them to the ſame Book 
of Theakers, and ſo paſs on to ſhew how 
the moſt of theſe Queſtions of the Sphear 
may be found. | 


PROBL, x. 


Asan Appendix to theſe things, Concerning the 
Moon, [ ſhall ſhew you how to find the Moons 
plate. WD 


9 

Multiply the Moons age by 2, and,divide 
the ProdaCtt by 5, the Quotient will ſhew 
how -many Signs, and the Remainder or 
Fracion, ſompny tumes 6 degrees as the 
Moon is gone from that fignand degree 
where the Sun 1s at that preſent. : Or more . 
readily by this following Table. 


oe 
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The uſe of the Table by an Example, 


As ſuppoſe the 19th day of Zune 1675, at 
Noon, you would know what ſign the Moon 
is-in : The change was the 12th day, at 8 
hours at night ; therefore the 19th day at 
Noon the Moon is 6 dayes, 16 hours old; 
The place of the Sun and Moon' at the 
change was 3 ſigns, 1 degree, © mz. the 
Moons motion for 6 dayes by th& Table is 


12 ſigns, 19 4. 3 m. and for 16 hourg 8 4. 


47 m. the ſumisy 5s. 284d. 50 m. that isin 
284. 50m. of Firgo,which 1s the 5 ſign from 
Aries ; The like may be doneat any other 
time. So much ſhall ſuffice to have ſpoken 
concerning the Moon. | 


S EC To 3- 
By the Quadrant, 


l ſhall firſt give you a Deſcription of the 
Lines thereupon, and then ſhew you the 
vſes thereof: The double Arch next the 
Center 'is-only for Ornament : The next 


| Arch is the Zquinoctial, and the next te _ 


that repreſents the Tropique z betwixt- 


| which two Arches is the Line of Declina- 
| tton upon the fide of the Quadrant, 'con- 


taining 234 Zo. and within are the Azi- 
muth or hour-lines : Alfo Croſswiſe betwixt 
| : the 


% 
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the AquinoCtial and Tropique is the Eclip- 
, tick, containing three of the ſigns. each ſign 
divided into 304. or at leaſt ſuppoſed to be 
ſo-: Next to the Ecliptick, and joyning 
with it-in the AquinoCtial 1s the Horizon, 
divided,or ſuppoſed to-bedividedinto:4od. 


and-ending or croſling the Tropick in 3:3 d.: 
9 m, Next below the Tropick is the Circle: 


of Months,. which you may. know by. the 


Letters prefixt.: Thenext Arch below theſe 


is: the Qfadrat, or that which ſerves in- 
ſtead ghereof, the line of. right ſhadows, 
and contrary ſhadows numbred from 1 to 
L0,, and ſo-back again to 1. 

And the loweſt of all is the Limb of the 


Quadrant divided into go degrees, and each | 


degree into halfs. For the uſe thereof, 


1. The Thread laid on the day of the 
Moneth, and the Head juſt to touch the 


hour-line of 12 : at the ſame time the thread 
will ſhew in the Limb of the Quadrant 
the Meridian Altitude of the ſan, and mo- 
ving the Bead from one hour to another, 
will ſhew the ſuns Altitude at any hour 


_ whereon the Bead reſteth, and the Bead * 


amongſt the hour-lines will ſhew the hour 
of the day. 
2. How to find the Hour of the Night by ſome 
principal Stars ſet upon the Quadrant. 


How to place any ſtarupon the Quadrant, 
, : Firſt, 


bc 
Fir 
fre 
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firſt, You. muſt know the ſtars Declination 
from the Aquator, and: his Right Aſcenſj- 
on: from the next AquinoCtial:Point : As 
the Declination.of the Wing of Pegaſme, be- 


ling 13 d. 17 2m. His right Aſcenſion /358'&4. 


34-7. from the firſt point of Arzes',. or 14. 
26-1. ſhort of it : If you draw an occulr_ 


[parallel through 13 4. 19m. And therlay 


+Ruler to the Center A, and 1 d. 26-7. in 


[the Quadrant, the point where: the Ruler 


crofſeth the Parallel,. ſhall be theÞlace for” 
the Wing @t Pegaſus, and-o for the reÞ. 


Stars. R. Aſcenſion. Declination. 
ArQurus 30 d. 7m.) 21 d..6 mh 
Lyons Heart 32 4. 28'm.C 13 &. 42 mh 
Bulls Eye 64 d. 18m( 15 d. 46 
Aquila 66 d, 26m.) 8 & 3m” 


To find the Hour of the Wight by theſe Stars. 


Firſt, put the Bead to the ſtar which you 
intend to obſerve, take his Altitude, and' 
note how many hours he is fromthe Meri- 
dian, then out of the right Aſcenſion of the 
ſar take the right Aſcenſion of the ſan 
converted into hours, and mark the Diffe- 
rence ; for this difference being: added - to 
the obſerved hour of the ſtar from: the Me- 
ridian, ſhall ſhew how many hours the Sun 
Is gone from the Meridian, which in effe& 
is the hour of the Night : As for Example, 
the-gth of 7uly the Sz being then in 26 4. S 


, of 


- 
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of Cancer, I ſet the Bead to Oculus T aur, or 


,the Bulls Eye, and obſerving his Altitude, 
ſhould find him to bein the Eaſt about 12 


degrees high, and the Bead to fall on the | 


hour-line of 6 before noon, which is 18 


hours paſt the Meridian, (or paſt 12 at: 
Noon.) The hour of the Night would be 


better than a Quarter paſt two of the Clock: 


in themorning. For 1184. theRight Af 
cenſion of the Sur converted into time,make 


7 h. 52 m-®chis taken out of 4 h. 15 m. the- 
RightgAſcenſion of Oculus Tauts adding a: 


whole Circle (or 24 hours) for otherwiſe : 


there could be no ſubſtraftion, the Diffe- | 


rence will be 20 h. 23m. and this being ad- 
ded to 18 hours, which was the obſerved 
Diſtance of Oculxs. Taurs from the Meridian, 


ſhews that the Sw-(abating 24 hours for the 


al. 


whole Circle) is 14 þ, 23 mn. paſt the Meri- - 


dian, and therefore 23 zz. paſt two of the 
Clock in the morning. | 

3. At what hour the Bead toucheth the 
Line of Declination, that is, the hour of 
the Sms riſing or ſetting : And bring the 
Bead to the Horizon, and the degrees cut 
in the Limb is the Aſcenfional Difference. 

4. The degrees cut by the Bead in the 
Line of Declination, ſhews the Suns Decli 
nation for that Day. - 

5. The Bead brought to the Ecliptick 
ſhews the S#zs place. 


C 


E Brought 
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M.-Y 


CEEw 


cy uo CD WW  enwGw 1 _CY* a Ch Fry 
IEP. El ; 


CT 0D Pi. co 


TrOOK 11. 


Of Aftrencemy, 385 

5. Brought to the Horizon ſhews the 
Awplitude, which is alwates North when 
the Sz is In Northern ſigns , and South 
when the Sun 1s in Southern. 

6, The Bead ſhews the Azimuth , rhe 
thread being laid to the Sans Altitude. 

7. The thread laid to the Suns place, it 


| ſhews in the Limb of the Quadrant his righr 


Aſcenſion. + BY: 
8. Moving the Thread-backwards from 


| the Line of Declination towards the hour- 
line of 12 : It ſhews in the Limb the doagrees 
| of the Sans Depreſſion under the Horizon 


at each hour, and conſequently when it is 
18 degrees under the Hortzon it ſhews the 
beginning of day break,and end of twilight. 


Thus you ſee all theſe Aſtronomical Que- 


1 ſtions are eaſily and freedily reſolved by 
the Quadrant, but obſerve that theſe Qua- 


drants do ſerve only for ſome particular 


| Latitudes. 


As an Appendix I ſhall add the ingenious 
uſe of the Quadrat upon the Quadrant , 
and ſo conclude this Point : This which is 
called the Quadrat is ſupplyed in a Line 
drawn next above the Limb of the Qua- 
drant nnmbred from 1 to 10 in the middle, 
and ſo back again to 1, (as in the Deſcrip- 
tion,) whereof the former part are called 

S Right 


- 
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Right ſhadows, and the latter to the right - 


hand are called contrary ſhadows, and by 
theſe you may find an Height by a known 


Diſtance, or a Diſtance by aknown Height. 


And for performing hereof take theſe Rules, 

1. If the thread fall in a right ſhadow, 
As 100 is to the parts on which the Thread 
falleth, ſo is the Diſtance to the Height re- 
quired : Or, As the parts cut by the Thread 


is to 1co,, fois the Height to the Diſtance 


required. 
2, @f the Thread fall ina contrary ſha- 
dow, As the Parts cut by the Thread are 


'to 100, ſo is the known diſtance to. the | 


Height required : Or, As 1001s to the parts 
cut by the Thread, fo is the known Height 
to the diſtance required. To make this 
more plain, If the thred fall on 100 parts, 


which 1s denoted bP10 in the Quadrant, or 


on 45 degrees in the Quadrant ; the Height 
is equal to the diſtance above the Level of 
your Eye: If it fall on 5o parts of Right 
ſhadow, the Height is half the diſtance, if 


it fall on 25, it is: 3 quarters of the dj- 


ſtance - But if the Thread fall on 50 parts 
of contrary ſhadow, the Height is double 
to the diſtance ; If on 25, It is 4 times the 
diſtance, and the like of the reſt. 


CHAP. 


m MS E<LA a Os Sea La”; I EG 


WF JW YGhW3e 


CD bas > facw 


cr FuywiY TW Go OO © C50 C(> «- 


BOOK III. Of Aſtronomy. 387 


— 


ES 


CHAP. VHE 


' eh to return to my propoſed Method, 
having ſhewn you how theſe Spherical -. 
Problems or Queſtions of the Sphear may 
be ealily and readily reſolved by thoſe Ar- 
tificial Projections of the Globe, the Plant- 


| ſphear , and Quadrant, and by way of Di- 


greſſion, having added the other uſes alſo 
of theſe Inſtruments, I come now in ae laſt 
place to ſhew how theſe queſtions may be 


. reſolved by Projettion of the Sphear in plans. 


And todo this, 

1. I ſhall hew you how to Projett the 
Sphear in plano. 

2. How theſe Sphzrical Triangles do na- 


turally lye in the Sphe 1r it ſelf : Thus Pro- 


jected. 
3, How the Sides and Angles of theſe 


ſpherical Triangles may be meaſured in the 


Proje&tion by a Line of Chords only, where- 
by theſe queſtions are moſt ingeniouſly re- 
ſolved. 


FECEE 5 


How to Proje# the Sphear in plano upon the 
Plain of the Meridian. 


I might ſhew you ſeveral waies of Pro- - 
3.3 ' * no 


888 Of Aſtro 
J:Ction, as that whi 
lemma, which is by 
from one {ide of the 
and thus you will fin 
No wood 1n his Seam 
Brown, pag. 40. Alſc 
- gentouſly : But that 
ly uſed, 1s the Stere 
uſed by Gemma Friſi 
ſo find in Brown, p, 1, 
metrical Raman, pag. 
uvied gn Maps of the 
That which includes a 
IpeCt, and which 1s m 
ſent purpoſe, is that [ 
burns 1n his Geometric 
which I here follow, | 
Line of Chordsonly, 
jection by the Integſ 
the ſeveral Circles th 
divers ſpherical Tria 
of which, moſt of t 
Aſtronomical queſtior 
with ſpeed and exaCtne 
pleaſure and delight bt 

Firſt then, Take 6 
from your Line of Ch 
diſtznce upon the pot 
ſcribe the Circle Z H 
the Meridian (within \ 
to be projected) and Cc 


E 


\ 


roromy. RFOOK IM: 
which they.call the Ana-; 
by drawing ſtraight lines: 
the Circle to the other, 
fird 1t projected by Mr. 
eamans Companion , and in- 
Alſo in Mr. Gunter very.in- 
hat which is moſt general- 
tereographick ProjeCtion, 
Friſius, which you will al- # 
p. 142, and in Phzlips Geo- # 

pag. 75- which is the way: 
the whole World: But # 
es all the reſt in ſome re- Þ 
is moſt ſutable to my pre-# 
1at Projection of Mr. Ley- Þ 
:trical Exerciſes pag. nd 
w, being to be done bya 
11y, and upon which Pro- 
tegſetion or croſling of. 
5s thereof, are conſtituted 
Triangles: By reſolving 
of theſe fore-mentioned 
ſtions of the iphear may 
aCtneſs, as alſo with much 
ht be reſolved. . 
ke 60 Degrees or Radius 
f Chords, and with that 
> point A, as a Center de- - 
Z H N ©. repreſenting+ 
hin which all the reſt are. 
and croſs it with the two 'Þ 
Diame-" : 
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 Diameters HAO, and ZAN, the former re= 
, preſenting the Horizon, the latter the Ze- 
nith and Nadir, or the prime Vertical. 
Secondly, (Becauſe the Latitnde of the 
place for which you dra:y-your projeCtion is 
' $14.30 m.) Take5 1d. 3o m. from your 
Line of Chords, and ſet them upon the Me- 
ridian from O to P, and from H to $S, and © ; 
draw the Line PAS,the Axis of the Worid P' 
 fGgnifying the North Pole, and Sthe South 
"Pole: Alfo with the ſame diſtan® ſer of5 
4. 30m. from Z to X , and from N toz, 
and dfaw the line ZAz for the-EquinoCtial. 
\.. Thirdly, Take 23 4. 30 m. the Suns 
. greateſt Declination, and alſo the Diſtance 
_ of the 2: Tropicks from the Equinoctial , 
. and ſet them upon the Meridian from & to- 
5, and from X to Y.; and alſo from & to 
Ss S-, and from 2 to Y » This done, draw 
F 2right Line S A tween the two Tro-- 
F picks, touching the Tropick of Cancer a-- 
4  bove the Horizon, and the Tropick of 
$ Capricorn below the Horizon , and this 1s 
s the Ecliptick : Then take 23 'd. 30 nm. Out 
of your Line of Chords, and fet them from . 
F P to Q, and fromsS to R, and draw the 
| Line QR the Axis or Poles of the Ecliptick.. 
$ Now todivide the Ecliptick into figns and 
| degrees , take 604. from - your Line of _ 
Chords, and ſet them from Q to 1, and 
' | fromQ to 3: Alſo ſet the ſame diſtance 
| S 3 - from 


_— 
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from = to 2, and from Y to 4: ; this done, 
laya Ruler to the Pole R, and the figure 


1, It will cut the Ecliptick in the point T } 


and lt; The Ruler laid to R and 2 will 
cut it in'the points Y and 'X, and laid to 
R and 41n" and X*; and laid to R and 
3 in # and =. And if you divide eve- 
ry of the ſpaces S, 1, 12, 2 Q, Q4» 43» 
and 3 V into' 3 equal parts, each part will 
contain 10 degrees, and a Ruler laid to 
each of th#n, and the point R ſhall glve 
you thg points upon the Ecliptick anſwer- 
ing to the 10 degrees of every ſign, and in 
the ſame maiiner you may punt onevery de- 
grce. Thus you have drawn the Meridian 
Horizon, the prime. Vertical, the Axis of 


.the World, and the Xquinoctial, the Axis ' 


of the Ecliptick, and the Ecliptick , all 
which are ſtreight liges : Now we came to 
draw thoſe which ar@®Circular, or Arches 
of Circles; and before you can draw theſe, 
the Centers of thoſe Circles muſt be found 
out : Now I ſhall ſhew you two wales of 


\ finding out theſe Centers - One of theſe 1s 
Mr. Phillips in his Geometrical Seaman, on 
\. this manner, divide the Meridian into de- + 


orees in 4 Qnadrants, and keeping one end 


_* of your Ruler fixed at the Point at Z - Lay. 


the other end to the ſeveral degrees in the 


lower Semi-circle HNO, ſo you ſhall divide 


the Diameter HO into 9 parts, which are 
. ; half- 
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half-Tangents. - In the ſame manner, if you 
keep one end of your Ruler fixed at the 
point H,. and lay the other end to the ſe- . 
veral degrees of the Semi-Circle ZON. You 
may divide the Diameter ZN into gunequal + 
parts , which are half-Tangents. Now / 
having thus divided the Diameters, they 
muſt guide you in drawing of the Meridi- 


' ans, and Parallels which are all parts of per- ' 


fe&t Circles - And you may find their Cen- 
ters by theſe three points. 'Figſt, For the 
Meridians, they all concur in both ' the 
Poles, and their third point ® their 
correſpondent degree in the oppoſite Dia- 
meter, and for the Parallels, two of their / 
points are their degrees in the outward 
Circle, and their third point is their corre- 
ſpondent degree in 'the oppoſite Diameter : 
Further you muſt know that the. Centers- 
doall lye in the Diaggeter Lines, extended 
beyond the Circle, (if you ſeek for the Cen- 
ter of a Meridian exceeding 45 degrees) 
for the Diameter being divided into- half- 
Tangents, if for every degree yonaccount 
2 beginning from the Center A, ſo you ſhall 
have the Centers of the Meridians, and if 
you ſet one foot of your Compalles in that 
Center, and open the other to. the Point 
 Zor N,it will paſs throngh the Correſpon- 
dent degree in the Diameter H. O. As for 
Example, If you would draw. the Meridian 


. 
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ZGN, which cuts the Diameter in 32 de- 
grees, HS, count from the Center towards / 
O, double ſo many degrees as 1s betwixt H 
and Gy, which 15 6+ degrees, and that is 
.the Center to the Meridian, Z. G. N. viz, 
V. Thelike is to be done for finding the 
Centers to the Parallels, as you may eaſily | 
apptehend : But ifany of theſe Centers fall 
{o far without the Circle, that your Com- 
paſſes will not reach them, there 1s an In- 
{trument c@l'd a Bow, which by help of'| 
one or more ſcrews may be extended to' | 
roucyn Ny three points which lye near in a 
ſtraight Line z or aRuler bridled may do 
the ſame if it bendequally. I 
This way of Mr. Phillips finding the Cen- | 
ters | cannot but applaud as very ingenious, 
but do prefer that of Mr. Leyburns,which is 
- thus: Upon a long piece of {tiff paper de- | 
{cride a Quadrant SÞ ABC, and upon the I 
point C erect an exact perpendicular. Let '' 
the Quadrant be divided into go degrees, 
and conſider how many degrees the Arch of : 
the Circle (whoſe Center you ſeek) 1s dt-. 
ſtant from the Meridian or outward Circle, | 
and a Ruler laid from the Center of the | 
Quadrant by ſo many degrees in the Limb | 
thereof to cut the perpendicular,where the 
Ruler cuts the perpendicular make a prick | 
or mark, and the diſtance betwixt the ſaid | 
mark and the Center of the ng” r | 
. all. 


(2 


@ 
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ſhall be the Semidiameter of the Circle 
ſought: To make this plain by theſe fol- 
lowing Examples, Firſt,” for the Tropicks + 
whoſe Diſtance from the EquinoCtial is 23 d- 
30m. lay the Ruler to the Center -of the : 
Quadrant Ay ſo as it cut 23 d. 30 m- from * 
the point B in the Limb at f, and cuts the - 
perpendicular-at. g, the Diſtance A g, or © 


the Line A fg taken in your Compaſſes, and-* 
ſetting one foot upon the Polar Line ex-! 


tepded till the other. foot juſg reach the : 
EquinoCtial at X#-.; draw -an Arch of- a * 
Circle, and it ſhall be one of the Tipicks, - 
as > I © the Tropick of Cancer, and W kh VP * 
the Tropick of Capricorn : The like may be : 
done by any other parallel of Declination, 
or Latitude, whether they fall nearer. or - 
farther off the Equinotial. 

Another Example take in the' Hour- Cir-- - 


| cle PBS, which 1s diſtgnt from the Meridian 


624.46 m. wheretfore take 62.4. 46 mn. from 
your Line of Chords, and ſet them from @ * 
to b, then laying a Ruler from P to b,-it - 
will cut the EquinoCtial- in' B, through + 
which point the hour-Circie of 62 4. 46 z. -- 


| muſt paſs. To find the Center belonging -: 


to this hour-Circle, lay your Ruler to- the :: 
Center of the Qnadrant at A, and let it - 
pais by 52 d, 46 m.-1n the Limb: From the : 
point Cit will cut the perpendicular in M, -+ 


therefore taking the Diſtance.in A.in* your © I 


"= 8 Com-: 


- 
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Compaſſes, and ſetting one foot in the | 


EquinoCtial extended, and with the other 


juſt to reach Por S, ſtrike an Arch of a 
Circle, and it will cut PBs the Hour-Cir- 
cle of 62 d, 46 mm. Thelike may be donein 
any other hour-Circle, or Azimuth-Circle, 
Parallels of Declination, Circles of Alti- 


tude, or any other whatſoever ; only ob- 


{erve, that the Centers of all hour-Circles 
fall in the Equino®tal Line X A eextended, 
the Center@of Azimuth- Circles in the Ho- 
rizon HAO extended, where needis: The 
Centers of the Tropicks,and parallels in the 


Axis of the World PAS, and the Centers of 
the Circles of Altitude fall in the prime 


Vertical Circle ZAN. | 

Laſtly, As every Circlein the Projeftion 
hath its proper Center, ſo hath italſo its 
proper Pole. For the finding whereof, 
note that the Pole ofa great Circle is go 


degrees, or a Quadrant diſtant from the” 


Circle it ſelf upon thar Line which cutteth 
'the Circle at Right Angles - Thus the Poles 


of all the Hour-Circles are upon the Equi- . 


nottial : The Poles of all the Azimuth Cir- 
cles upon the Horizon, &c. Now if you 
would know the Pole of the Hour-Circle 
PDS, lay aRuler upon P and D, and -itwill 
cut the Meridian-Circle in e: Then take 


gQ degrees from your Line of Chords, and | 


ſet thei frome to f, a Ruler laid from P 
. > 


the forementioned Queſtions of the Sphear : 
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to f, will cut the EquinoQialin Y, ſo is Y 
the Pole of the Hour- Circle PDS, the fame 
Rule is to be obſerved in finding the Poles 
of the Azimuth-Circles : As if you . would; 
find the Pole of ZGN, lay a Ruler upon Z 
and G, it will cut the Meridian-Circle in g, .- 
then ſet godegrees of yourChord from g to - 
d; ſo a Ruler laid from Z. and 4 will cut the: 
Horizon HAO in the-point ©, which is. 
the Poleof the Azimuth-Circle ZGN ; and. .. 
by the ſame manner of work you may find: 
the Poles of all thereſt. Asof PDS is Y,. 
PCS, V; PAS, XA or 44PBS. ZGN, © gZAN,. 
HorO; ZFN, T; LON, G; HAO, Z 
and N; ZAe,PandS; © AY, QandR; 
And thus much ſhall lerve to ſhew you how 

to Projet” the Sphear zz plane, and how to. 
find the Centers and Poles of all the Circles. . 


S E Gol. 2. 
In the next place I come to ſhew You how ; | 


may be ſpeedily and exattly reſolved by the -- 
Reſolution of ſeveral Spherical Triangles 
which raturally lye within the Sphear be- 
ing thus projected : And of theſe in this 
following order : Having before ſhewn you: 
how to meaſure the ſide or Angle of any 


Spherical Triangle, pag. 3449 343« 
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| FS, 1 

The Diſtance of the Sun from the neareſt /Equi- 
n<tial Point. (either Ariesor Libra) given, 
To find his Declination. : 


In the ProjeCtion this Propoſition is to be 
reſolved upon the Triangle A k = ; where- 
in you have given, 1. TheSide A ®'59 d. 
the Giſtance of the Sun from the neareſt 
Aquinoctias point Libra. 2. The Angle 


= Ak, 23 4. 30m. which is the Angle that | 


the Ecffptick makes with the EquinoCtial , 
and is alwates equal to the greateſt Declt- 
nation of the Sun, and you are to find the 
ide k =, which to do by theProjeftion. 
Lay a Ruler upon the Pole of theCircle 
R'= Q (which 1s at >) and the point k, it 
will cxt the Meridian inthe point /: Allo 
lay a Ruler from © =, it will cut the 
Meridian in the point. Y, ſo the diſtance 
1 Y being meaſured upon your Line of 
Ck-.rds, will contain 20 degrees, the Suns 
Declination, he being in 29 d of **., 


KO FP; 2. 
To find the Latitude, or the Side PO of the 
Triangle. P< O, 


You need do no more when you are to 
meaſure any fide of a. Triangle, which lies. 
in- 


. 


LI 
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in the Meridian it If, than to take the ſame 
fide in your Compaſſes and meafure it up- 
on your Line of Chords, as in this Propoſi- 
tion. Take in your-Compaſles the Diſtance 
from O to P, and meaſure it upon your 
Line of Chords, and 'it will be- found to 
contain 5 1 4. 30 m.'the Latitude required.; 


F-& VF: 


The Latitude of the place, and - Beclination of 
the Sun given, To find bis Amplitudg, 


This Propoſition may bereſolved by two 


| ſeveral Triangles, one.is PO, the other 


AOB. In the firſt you have -given the ſide 
PO | the Latitude, andP © the Comple- 
ment of the Suns declination, and you are 
to find ©O, To do this by the Triangle, 
AOB, lay a-Ruler ugdn Z, ( which is one 
of the Poles of the Horizon) and -to the 
point © it will cut the Meridian Circle in 
4, and latd from-Z to A; it-will cut the Na- 
dir point in N ; fo the diſtance N 4 will be 


found 33 4. 20 mn. The Amplitude of the 


Suns Riſing or Setting from the true Eaſt or 
Weſt points of the Horizon. In the Tri- 
angle AOB, you have given OB the Suns 
Declination 20 4, The Angle © AB, the 
Complement of the -Latitude 38 d. 30 z. 
and you are to. find the.ſide ©A as above. 

: For 


. o 
= 
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- For. finding the fide © O in the Triangle | 
”  P2O, lay a Ruler fo Z£, the Pole of the 
Horizon, and the point ©, and it will cut 
the Meridian Circle in D, ſo the diſtance 
AO meaſured- upon-your Line of Chords, 
will contain 56.4-40 x. which is the Am- 
plitnde of the Suns Riſing or Setting from 
the North point of the Horizon. 


FAR P.: 4 
The Suns getate( Declinatian, with his Di- 
ſtance from the next Equinottial paint being 
given, To find bis Right Aſcenſion. 


The Triangle A k= reſolves this propo- 
ſition, wherein you have given, 1. The ide 
AX the diſtance of the Syn from Libra. 
2. The Angie ' © Ak theSuns greateſtDecli- 
| nation, and the right Angle at =, and you 
|” are to find A kthe lidegf the Triangle. Lay 
a Ruler to P and&, it will cut the Meridi- 
an ins, and lay itagain to Pand A, it cuts 
the ſame in S, ſo the Diſtance S s will be 
found 56 d. 50. the Suns Right Aſcen- 
fon, 

FSG DP © 
The Latitude and Declination given, To find 
the Aſcenſioval Difference. 


This 1s reſolved in the Triangle A©B, 
wherein you have given, 1, The ide " 
: the 


| 


| 
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| the Suns Declination 20d. 2. The Angle 
OAB, the Complement of the Latitude © 


38 4. 30 m. 2ndthe Right Angle at B, and- 
you are to find the ſide AB. Lay a Ruler to 
P, the Pole of the World (and allo of the 
EquinoCtial) and the point B, it will cut 


| the Meridian Circle in the point 6, the di- 


ſtance b. 5. meaſured, will be 27 4. 14. 
the Aſcenſional difference, which is ſo much 
23s the Sun Rifeth or Setteth before or after 
ſix a Clock. Eg @ 


7.T@ 0:3. 6:3 
The Latitude, Declination, and Altitude of 
the Sun given, To- find the Suns Azimuth 
either from the Eaſt, North, or South points 
of the Hlorizon. 


That which is moſt difficult and intricate: 
to perform by Numk#s, is by Projection 
effeted with the ſame eaſe as any of the 
reſt : As inthis propoſition it is the Angle 
EZP, inthe Triangle ZEP, which is here 
required : Lay a Ruler upon Z tothe point 
G upon the Horizon, the Ruler thus laid, 
will cut the Meridian inG, ſo the diſtance 


_ &- O. meaſtired upon the Line of Chords, 


will be 146 d. which is the Suns Azimuth 
from O the North part of the Meridian, 
and from g to H 344. whichis the Azimuth 
from H the South-part of the —_— 
"ID an 
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and fromg to'N 564. which is the Azimuth- 


from A, the Eaſt and hen point of . the 


Horizon. 
FRRGOF.. = 


The Latitude, Declination, and Altunde > | 
the Sun given, to find the: honr. of the day.. 


This Propoſition ts performed by-refolv- 
ing the Triangle Z Pa, where” you are to. 
find the Arle Z Pa : Wherefore lay a Ru- 
ler from the point P, to the point 4, and 
it will Cut the, Meridian info the Arch « A 
will be found 95 4. 52m. which s the hour 
from the Meridian : The Arch ? e being 


meaſured, will contain 84 4. 82:.-which. is -| 
| = the hour from midnight : Alſo the Arch e5S 


being meaſured, will contain 5 d. 52 m. the 


hour from ſix. 
This Triangle Z 4 is compoſed af ZÞ 


an Arch of the Meridian Z, an Arch of an | 
Azimuth Circle, and of P a the Arch of all. 


hour-Circle. 


ERP ©. Br! 


The Decl:nation, Altitude, and Azimuth of. | 


the Sun given, to find the hour of the day. 


The Triangle ZEP in the projectionre- 


. ſolves this Problem, wherein there 1s _ 
I. E 3 


ce. 


n— 


% a 


| 


m— 
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1. EP, the complement of the Suns Declina- 


"tion 70 4. South, 2. The ſide EZ the com- 


plement of the Suns Altitude 78d. And 3. 


_ The Angle EZP the Sims'Azimurth from the 


North.” The Angle ZPE is to be'found to 
anſwer this propoſition : 
Ruler ta the Pole P, and upon the point D 


1n the Equinodtial, andit will cut the Me- 


ridian ine. The diſtance e: # being mea- 
tured, will give you 35 d. 36 m. the hours 
from Noon which in time i1@'2 h. 22. 


Many more propoſitions might be added, 
which I leave to the ingenious praffitioner- 


to find out ; who may frame his Projections 


| ſoas to anſwer any other Queſtions. of the- 
Sphooſy but ſeeing we are upon this laſt” 


Propolition, viz. of finding the- hour, I 
ſhall here add a few things concerning Di- 


 alling,. and fo conclude this Treatiſe,” 


But (by the way ) :Z give you- ſome Geo- 
graphical Propoſitions as well as Aſtrono- 
mical by way of Projection, and thereby to 
make it repreſent as well the Terreſtrial as 
Celeſtial Globe. I ſhall here ſhew you, 


How to find the Diſtance betwixt any 2 places 


by the Arch of a great Circle in Projettion , 
| Dowſoeviy® diſt ant from one - another. - 


ſed 


_ 1, Draw a Circle, which may be ſippo- 


40r © 


Therefore lay a- 
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ſd to be the firſt Meridian, (which is ck 
oned from the Iſlands of Azores) croſs this 
Circle through the Center with a Diame- 
ter, which is to be ſuppoſed the EquinoQii- 
al; Ifthe two places differ qnly in Longi-. 


the EquinoCtial, 'or ſome other parallel : 
If they differ in Latitude only they are to 
be meaſuredupon a Meridian ; If they differ 
- both in Longitude and Latitude, the Di- 
ſtance mu} be meaſured by drawſng an 
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thoſe Diſtances, you muſt find the Pole to 
the great Circle which paſſes a" both 
” Places : 


tude, the Diſtance is to be meaſured upon | 


Arch of a great. Circle to paſs through | 


4 — 
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both the places: And to meaſure any of | 


wo 


on 
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\ places : How to do this, you have it ele- : 
| where taught pag. 345 : Then laying aRu- 
ler to the ſaid Pole, and firſt toone of the 
places, and afterwards to the other, and 
| marking at each time where the Ruler cuts 
the Meridian or outward Circle : The ſame 
* | diſtance taken in your Compaſſes, and mea- 
ſured upon your Line of Chords, gives in 
Degrees and Minutes. the Diſtance betwixt 
the two places, which yon know being mul, 
tiplyed by 20, brings it into keagues, or 
by 60 into Miles : 1 ſhall only give one Ex- 
ample for all : Suppoſe you would knew the 
| Diſtance betwixt the Cape of Good Hope, ly- 
ing in the Latitude of 404. South and in 
Longitude 50d. and Malibrigo lying in 264d. 
of North Latitude, and in 1804. of Longi- 
| tude you will find their diſtance to be 140 4. 
or 3400 miles by ProjeCtion thus, (H. T. E. 
F. K.D.) f ; 
Firſt, draw the Circle, and from theſame 
Line of Chords by which you draw the Cir- 
cle take 26 4. for the Latitude of Malibrigo, 
and ſet it from « upwards, and becauſe the 
Longitude is 1804. there you mult place it 
' In the Meridian at T.which ſignifies Malzbre- 
20; Nowto place the Cape of Good Hope accor- 
| ding to its Latitude and Longitude,do thus: 
Draw a Parallel of Latitude of 404d.viz DE, 
and aMeridian of 504.(H.G:F.) for the Lon- 
” gitude 


404. Of Afironomy. BOOK 1IL } 

. gitude where theſe 2 interſe&t each other , | 
1s the place you deſign (the Cape of good Hope) 
there make a markat V, and with the ſame 

Radius wherewith you drew the firſt Cir- 
cle, find a Center which will cut T and V, |, 
which you- may eaſily do by drawing a Line ] 
to paſs exactly in the middle betwixt T 
and V, when that is done, you muſt find the 
Pole of the ſame Circle at R, and laying a 
Ruler from the Pole R to V, it will cut 
the Meridan in K. Laſtly, Meaſure. the 

- Diſkance TK, and that gives you the-de- 7 
grees That one of the places is diſtant from 
the other. | | 

Thoſe that defire to be informed more at | 
large concerning finding theſe Diſtances, I - 


refer them to Mr. Leyburn, his Eighth Geo- - 
metrical Exerciſe, pag. 131. | 

What is here ſaid concerning finding: + 
theſe Diſtances, the #genious may apply to | 
Sailing bythe Arch of a great Circle; but 
I ſhall leave that-to the Readers own Study 
and Improvement. 


To know how many Miles any place us diſtant 
from you, in whoſe Zenith. the Sun, 6r 
any Star is at the ſame time. 


Take the Altitude of the Sun, which ſup- | 
poſe 53:4. from your Zenith ; and with Mr. 
Norwood account 69 Miles in a degree, mul- | 
tiply: 53 by 69, makes 3657 and ſo mn ; 

Ws MICS. * 


k 
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F Miles it is between the place where I now 
-am, and the place 1n whoſe Zenith the Sun 
was at that time, and by this means you 
| may know how far it is to any place over, 


. 

: 

” 

1 

| | 
4 


which the Sun or Staris at any time. 


_— 


CHAP. 1X. 
Of Dialling. _ 
T HE whole and compleat ArtVf Dialling 


is a ſubject ſufficient for aTreatiſeglone, ' 1 


and you will find ſeveral Authors have writ 
whole Books concerning the ſame, I ſhall 
confine my ſelf within the compaſs of theſe 


\ few leaves which are left me ; but what ſhall 


be faid I hope will be plain and perſpicuous }.. 
to any ordinary. Capacity : Brevity , and 


| withal perſpicuity beiyg the Mark l aim at 
- all along in this little@reatile. 


There are many Denominations and Di- 
ſtintions given to Dials, as Horizontal, Yer. 


tical, Polar, Equinolial ; Ereft, Dire, In- 


clining, Declining, and Reclining, every way 
Eaſt, Weſt, North, and South, and many 
more, both Fixed and Pendulant : Plain and 
Globular within doors and without : It is 


' not my intention to ſpeak to theſe particu- 
| larly, . but ſhall only ſhew you how to make 
4 an Horizontal , and: an, Ereit, Diret# South 
© Dyal, which are moſt uſual, and moſt uſeful. 


- «SEC. 


- _ - 


4 
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6&0 T - 2. | 
To draw an Horizontal Dyal bythe Globe, 


I have ſhewed you pag. 374, how to make 


the Globeitſelf a Dyal, andby conſequence - 


any round Ball : I ſhall now ſhew you how 
to make an Horszantal Dyal by the Globe. 
Firſt then, Prepare your flat Dyal ground 
parallel to the Horizon , and thereupon 
draw a Meridian, which muſt repreſent the 
dire& North and South, and croſs the ſame 
at right Angles, which muſt repreſent the 


Eaſt and Weſt. The firſt of which Lines | 


is the 12 a Clock Line, the latter ſhews6 a 


Clock- both Morning and Evening ; then 


making the InterſC&tion of theſe Lines the 
Center , deſcribe-a Circle on the Dyal- 
\. ground to. what diſtance you pleaſe, and 
divide the ſame ing 360 4. (as all other 
Circlesare) and ſub@vide the ſame into as 


many leſſer parts as you can : Being thus | 
prepared, you are to find the diſtances of 


the Hour-Lines in this Circle for any Lati- 
tude of place, which to do, let the Globe 
be ſet tothe Latitude deſigned, and then 
make choice of ſome of the great Circles in 
the Globe that paſſe through the Poles of 
the World, as for Example(the XquinoQtt- 
al colure) and apply the ſame to the Bra 


zen Meridian, in Which ſcituation it repre- 
ſents the Subſtile or i2 a Clock Line, or Me- |. 


ridlan 


OY - 
Y 


CG ERIE 


Moy Q,< FD 


ig; 


ma 
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| ridian Line (call it which you will) then 


turning about the Globe towards the Weſt, 
till r5 degrees of the Xquator have paſſed 
through the Brazen Meridian + You mull 


' | mark the Degree of the Horizon which the 


ſame XquinoCtial colure crofles, for that 
point will ſhew the Diſtance of 1 and 11 


a Clock from the Meridian or 12 a Clock- 


Line: Then turning again the Globe for- 


| wards till other 15 degrees of the Equator 
| | do paſs the Meridian, the ſame colure will 


point out the diſtance in the Horizondf the 


| hours 10and 2 from the hour of 12, andin 


the ſame manner you may find out thediſtan- 
ces of all the reſt of the hour-lines from 12 in 
the Horizon;but note that the beginning of 
theſe diſtances muſt be accounted rom that 
part of theHorizon on which the Pole isele- 


. vated ; Now theſe I3Mtances of the hours 


being thus noted in the Horizon of the 


|| Globe, you muſt afterwards tranſlate them 


into your plain allotted for your Dial- 
ground, reckoning in the circumference of 
it {o many degrees to each hour as are an- 
{werable to thoſe pointed out by the cohure . 
in the Horizon : Laſtly, having thus done, 
the Gnomon or Style muſt be erected, where 
note that the edge of the Gnomon, which 
Is to ſhew the hours by its ſhadow in all 


| Kind of Dyals, muſt bY fet parallel to the 


Axis of the World : That fo it may make 
+ @ an 


/ 
& 
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an Angle of Inclination with its plain _ 


ground equal to that which the Axis of the. 
World makes with the Horizon, and that. 
the Style 'is to ſtand directly North and. 


South, and in the Meridian Line is a thing 
ſo commonly known, that it were needleſs 
to mention It. | 

Now if you would make an Erect South 
Dyal, know, That whichis an Horizontal 


Dyal in one place, will be an Erect South- | 


Dyal-in aFother : As ſuppoſe you would 


make gn Erect Dyal for the Latitude of 52: . 


This 1s nothing elſe, but to make an Hori- 
zontal Dyal for the Latitude of 384, And 


if you makean Erect Dyal for the Latitude 


of 27 4. the ſame will bean Horizontal Dy- 
al for the Latitude of 63 d. and the ſame 
proportion is to be obſerved in the reſt ; 
and hence it appeags that an Horizontal 
Dyal and a Vertica 


e the ſame at the La- } 
titudes of 45 4. But thus much ſhall ſuffice Þ 
to have ſpoken concerning drawing Hour- Þ 
Lines by the Globe in an Horizontal or an |- 


EO ESO oC oa A. » as lan ST RS 


_ - Erect South Dyal. 
"ET. 2. I 
The Analogy or Propoſitions to find them by | 
are theſe. 
EL2 £5 


For an Horizontal-Dyal. . - 
As Radius or thegſine of go d. is to the 


. 
\, 


fine of the Latitude (ſuppoſe 5 1 d. 30 my 28 
= x 0 , 


Tm mr Rr” 
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| $o is the Tangent of the hour, (viz. 154, 


etl: ca Re 2 14% | St. . BY 


which makes'an hour in the EquinoRial: ) 
To the Tangent of the Hour-Line from 


' the Meridian, (viz: the diſtance of the hour 


of 1 from 12)whichin thisExample is 11 4. 

$1; And fois 30 d.the Tangent of two : 

Equinoctial hours to the Tangent of the di- 2? 
ſtance from- 12 to.2, &c. | 
FREE 3: 

For an Ere&-South Dyal, - 

As the Radius (go 4.) to the®Co-line 'of: . }! 


the Elevation (in this Example 38 4g30 m.)' * 


$0 is the Tangent ofany hour given, (ſup- 
poſe 15 4. for the hours 11 and 1, or $04. 
for roand 2.) tothe Tangent.of the hour- 


| ' Line, (or to the true Diſtance of the hour- 


line) fromthe Meridian, (which in this | * 
Example is 9. 28, and 19. 46, &c.) | 
: SECT: 3. 


STC: 5. 
Here follows affable taken 'out of 


4 Seler ,  ſhewing the diftances 'of the 


Hour-Lines from the Meridian in ſeveral 


; degrees of Latitude; both foran Horizon- *' 


tal, and alſo a South Ere& Dial, as in the 


| - Latitude 54. the diſtance from' 12 'to 1 is 


12 4. 41 24. fromn1 to2 is 25 d. 2 m. and fo 
of the reſt in an Horizontal plain : But in an 
South Ere&t Dyal the Diſtance from 12 to 1 
1s$.56 from 1 to 2,1s 18.45, and foin any 
other Latitude- you will find the degrees 


_ anſwering to each hour, which is very rea-, 
T . 


_ dy. 


RY I” i 
* 


- A Table ſhewing the Diſtances of the Hour4ines from the Meridian in 
theſe: Degrees of Latitude. | 


50 ( $I, | $2. | 53- xT% "I 
D. M.1D. MD. M.\D. M[D. M.|D.M: D. M. 
2.52 254 2.56 2.55 Zo It 3.04 3ZeIC 
$+44| 5+50| 5.55] 6.0c| 6. 4] 6.09 6.22 
8.39] 8-47] 8.54] 9- 1] 9-I0| 9.15 9.34 
Li. 36\r1-45|I1.55 12. <12-I3]E2-23 


12.49 
I4-33]14-46|14.57|15. '8[L5.1 9|L5.31 
t8. 3 45 
20.T1121.29j21.40[21.57 


16,02 
17.36[L9.g1 9.21 
20. 39[20.56 

24-26 24.59|25.18 


22.38 
. 23-51 24, & 
ZI. 7 32.05 


— "EURD FILA —_ 
—_— E_ 


2X0 mon as. / 


equal to 


the hours before 6 


54: 50. | 57> 
D. MD. M: 
3-07| 3. 8 
6.18 
9.27 
12:30 
18.52 
I9.08 
22.24 
3125-49 
29.12 
32441 


ine, and 
the Even- 
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f the Dyal muſt 


in 


by their oppoſite 


idian L 
ith the Plai 


Pole, 
and after fix 
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26.04 
27. 4127-23 29.29 
30.23/39-44 


he other ſide the Center. 


FT) 
= 
2 
4x 
ry 
> 
O 
2 


of the 


may be ſupplyed 


the morning, 


Oo 
E 
has 
© 
T 
p—_ 
> 
+ 
HN 
O 
= 
=_ 
> 
V 


muſt make an Angle w 
the Height 
Hours.on t 


be fixed ju 


© 
_ 
WF 


ing, 


M1 


32-59 

3301 36.34 
40.17 

44-02 
47+52 
SIe45 


37-27 
4t-I0 
44-58 
48-54 
52,58 


34+12 
37+5O 
4032 
45e21 


49-18 
$3.22 


34-34\34-$7135-15 
38.13 38.35/39 3 


45:45 


49-41 


4t-57/142:19142+39 


46.10[45.30 
50.0.5|50-25 
$4», .7{ 54525 


3539 
39-18 


45452 
50.48 


43-03]. 


35.16 
40.00 
43-42 
47-33 
$1027 


54-47) 


.06{55-25 


53-44 


55:43 
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* 


| [25-26175:37/75-49[76-00 


$7+13 57-3517. $6158.17 
61-3351:53 2.1 

66. g66.23166.40[65.57 
g. [70-41179-$5|71.09]71.25 


80.14|80.23|80.30[80. 38 


6 [90,00|90.00'90.00] 90,001 90.00 


4 


$6 -| 
59-14 
63.23 
67.42 
72.02 


76.29 
$0.88 
$5.25 


JI 


$9. 


$1.10 


D. M. 
60.22 
64.17 


1 


198-25 
3517647 


12.41 
75-59 
31.18 


85- 34 


90.00 


85-39 
90.09 


40» 39. 38» 


—— 


37.36. 


34: 


$3 


"22. 


36 


Theſe Tables of Mr. Sellars are for an Horizontal Dyal, for Latitude 34 to 
| 4o, and from go, to 59 : The Complement whereof is for an Ere& Di- 
re& South Dyal in ſuch places of Latitude as is the Complement there- 
unto, as from 33 to 40, and'from 50, to 55, This called by Selar Taby- 


lar Dyalling cafieſt of any other. 
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55 | 54* 


35. 


| $3. | 52+ | 
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. | 38. 


2,0} 2.12 


- 6.40 
it 8.57 


[35.46 


[3.41 
6116, 8 


18018.44 


20. 56 
23.41 
126. 38 
129: 45 


33-71 


21.2412 
24-14 
2941 

30.24 
| <—_ 
33-51 
37. 28} 
40.36. 
3144-48]45-29 


4149-18 

$[54-05 
$9021 
54-53 


gO, ©0 
54-46 
59+5916 
65.27 


| 425 


t1.16 


— 


41522142. 


6.49) 6.58. 


—_— 


ITT 11:47, 


x 16.51 
19. 8119.33 


2 2.16 2.18] 
431] 4:38 


$9.69] 9:22]: 943; 


1914-35] 


————— 


24-43/25-14 
27.46 


31.01 


[21. $2122.15 2s 


28. 18f; 
3I- 36] 


34-27 


$0.39|51-17 


3.61.06 


n P73 26 


5s o $6,0c} 


| 


| ov 


co 


ws 
797.22 
bs 28 83.38 


0190 »CO-00- onl 


83-47 83-55 


[7.1- -36/12-05 «Og[/ 
79-38 77-38]78- 


90400 '90 00' 


| To draw an Horizontal: Dyal oy this Table for 
| | © 54d. Latitude. WI 7 
| | *_Eirſt, Take with your Compaſſes from a- 
| Ut of Chords 69d. withthar diſtance de- 
ſcribe a Circle, crols that Circle thorough: 
| | rheCenter with a Diameter for a Meridi- 
| oy neandcroþ that at right Angles for” | 


he hour af 6, then coplger far what Lati- 


my 


. . 
. —Cv 


tude you draw the Dyal, which in this is - 
54» look for 54 toifard the left hand of 
| bj Þ this | 


» 
9 * 
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this Table, and over againſt the Latitude, | 
you will find 12 4. 14. for the diſtance of 
11, and 1- from the Meridian, 25 4. 2 2. 
for thediſtance of the hours 10. and 2, &c, 
Fheſe you are with your Compallts to take 
from.your Line of Chords, and prick them 
* upon the Dyal-Circle, and ſo draw Lines to 
each mark, which are the hour-lines, After 
you come at the hour of 6' you may draw 
the remaining hours, by laying a Ruler tho- 
rough-the Eenter to their oppoſite hours. 
en thg dther ſide the hour of 6. This, 
needs no Example. | 


Note that for ani\Ereft Direct South-Dy-. |. 


al, the Cock or. Gnoman mult þe the Com- 
Element of the Eatitude here-36:. 
| Note alſo, Fhat.every Horizontal Dyal. 
is 24 direct South Dyal in that place that is 
the Complement of: the Latitude, as an Ho- 
rizontal Dyal in 52 19 Ereft South Dyal 
Ty 33: 5 Y 
_ Laſtly, To draw the Style, or Cock or- 
Gnomon, take the degrees of your Latitude 
from the Line - of Chords, and ſet it off 
ſidewaies from the hour of 12, and from the 
Center draw another Line to interſeCt the 
former thrcugh 544. which you {ce is near 
the hour-Line of 8. And thus you ſee how 
eafie it is to draw the hour-lines by this 
Table for an Horizqutal : The ſame may 
be done for an Ere& South-Dyal, if = 
cok. 


Us - 


y 
f 
f, 
, 


—_— 
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look for the Latitnde on that fide of the* 


Table towards the right hand ; there a- 
gainſt 54 you find8 4d: 5627. for 11. and r: 
and*-18.45. for 10. and 2. and ſo forwards 
whereby you may underſtand to make an 


- Fre& South DyabFfor any Latitude mentia-- 


ned in the. Table: If you pleaſe to do it by 
Arithmetical operation, you have: alſo the 
Analogy, or Proportions to work them by z;: 
or if you pleaſe to-do-it: by the Globe, you. 
may find the hour-lines- by. th® alfo as is: 
ſhewed in the former pages , 407. And 


this is all at preſent I intend to fay concer- 
' ning finding the honr of the Day by -the-, 
Sun,or making Sun- Dyats : t ſhall only ſhew 


you how to find the hour of the Night. by: 


the Moon and Stars, and fo-bid good Night. . 


and conclude this Mathematical Manual... 


S ha T7, Av 
Firſt then, By the Moon. 


You muſt underſtand, that. by knowing” 
the Prime you may find the. Epact, and by 
knowing the Epa&t you may find the Age of 
the Moon; by knowing the Age of the- 
Moon, you may find the time of her coming: 
to the South 3. and by knowing the time of : 
her coming to the Southz you may find the: 
hour of the Night by the ſhadow of the: 
Moon upon a Sun- Dyal. Therefore of theſe - 


in order.  T-4 - , PROF- wal 
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To find the Prime or Golden Number, 
Divide the year of our Lord by 19, and to 
that which-remaineth after the diviſion add 
1, the Product is the Prime Nymber for all 
that year, . beginning the 1. Farwary : As. 
1673] 88.;,, ſo + 2 Isthe Prime, 

19g 


a ?ROP. 2. 
By the Prime, To find the Epait. 


Moffiply the Prime of the year by r2,. 
and Divide the-Product by 30, and the Re- |. 


mainder or Fra&ion is the Epact. If it be 


juſt 20,then is the Prime and the Epact both 


ane ; if ſhort of 30, that Number whatever 

It .1s,' 1s the Epact. Note that. the Prime 

changes 1. Zarnary, and the Epact 1. March. 
PR & | 


| » 3> 
By the Epait, To know the Age of the Moon.. 
Add to the day of the Month the Epact, 
and fo many dayes more as are Moneths 
from March to the Moneth you are in, in- 
cluding both Months ; and ifthey come not 
to 30, ſo-much the Moons Age: If they paſs 
30, Take away 30, andthe Remainder is 
the Moons Age. This 1s when the Month. 


| hath 31 dayes, but if it haveonly 30 dayes, 


deduct 29. &c. from the exceſs above 29, 
by the ſame reaſon, 
- PROP. 


[_ . 


| 


| 


SER. a ad AW. 
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By the Axe of the. Aloon, to find the ting os bay I 


coming to the Sonth, 


Multiply the Moons Age by I2, a di- 
vide the-Product by 15, the Quotient will 


ſhew the hour of the Moons coming to the - * 


South, and if any thing — multiply” 
that by 4, and it will CS np to 
be added to the hours of the Quotient, and. 


|'fo you ſhall haye the time of theVMoons 
|-. coming to the South : Or by the Table: 


following you may readily find the tune: of 
the Mopns coming to the South. 


af - 
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Days H.M.Hours H.M. | 
| 11 o.-4c} 1; 2 27 , 
| 2 1.38] | 2] 4 
3] 2-26 6 | | 
[A zrd- [38 .— ue uſe of the Table accor- . 
- L- tro _—_ to the Age of the Moon, 
| 5 acal | #19 ake the Hours and Minutes: 4 | 
\ | 7 Do y oppoſite thereunto in the Ta- . 
| (14! blez adding f 
3 C2 o 16) on g for every hour 2 
1 og -| 3 2 Minutes more for her mean mo- 
4ihd $9: hoe coy _ _—__ (hall ſhew 
hal. on ur of the Moons comi | 
; n 1 : . i; ro the South. Lito 
[<113 10.34|< 13/26 | 
; 1520 
[S123 1s +0 Suppoſe -the Moons Age. be 
- [u| After- | 1934 any day at Noon 10 days and 
S| noon. |- Oe. Look in the Ta- 
- [559 ble, and againſt 10 dayes you 
Sl” 1.15 20/40. 4 gs COTS 
Flrs 149/S pet} ns the 8 odd hours —16 m. 
R219) 2:38] v2: — which 8 Hours 
Je 5 24, 4. allowing 2 Mt- 
E [20] 3-26] [23/47 ok 
21] 4-156: [24 fo for cach Hour | 
= Do 49] for her mean motion is.—-17 n.. . 
ons Hh. All which added toge- | 
EI Gal ther ſhews ſhe comes to 
| as yt the.South ar- 8 h.gil *%. | 
Þ 26] 8.19 | 
27] 9. 8 
28] 9.59 | 
29110-45] 
| j3© 1.34] 
Morning. | 
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To know at what hour the XMoon comes to the 


South, by the following Table. 

Dayes after the —_ or Full the Moon is South at. 
= L 1 a | 4 |. 4 s. 6. | 7 |. 
12/12, as I-36/2.24|3-1214.0 14-48 | 5-36 
Dayes after either of the Quarters the Moonis South aÞ 
16 16.48 '2:36/8.24 '9.1 12/100'10 4811-36) 


To know the Hour of the Night by the Maons | 
ſhadow upon a Sun-Dyal. 


D H | M; ' a ; » 
I 0-0 29 
2 10 24 28 
F 3 9 | 38 ] 27 ] FP 
> y 48* |-26 | 
1H bf EG) co | 2g-Þ 
|: 6 2:54 8 $:.84-4 
| 7 6.1 24 [| 23 |} 
8 g 6 | 22 
- iT 2T 
[| -10- 4 20 | 
md 3 1:19 þ: 
12 2 24 18 
13 F-06739 
Þ 14 | O 48 |. 16 
Te SS £28 Is : 


Firſt know the Age of the Moon, and itt 
it increaſe, from the ſhadow ſubſtract theſe 
hoursand Minntes: If it decreaſe, add the. 
ſame to- the ſhadow, gpd 1 it will give you 
the true hour. © 

: PROP: 
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By knowing the time of the Moons coming to the 
South, To,know the time of the Night hy 


the ſhadonſof the con upon a Sun- Dyal. 


Obſerve by a'Sun-Dyal as if you would: 
ſee what a Clock it were by the Moon, and 
obſerve how. much the ſhadow of the Moon 


doth either want, or is paſt the hour of 12 


upon the Dyal : For ſo much it doth want 


of, -or is paſt the time of the Moons coming 
to the Softh. Av. for Example , 
SU 


if the ſhadow had been at 2 upon the Dyal, 


then you muſt have (ded 2 h. to the Moons 


coming to the South;1 ſoit had been 104. 


,41 24. at night : The like is to be done by. 


any other hour whatſveyer. 
| p = © ay 

To know- the hour of the Night 'by the Stars. 

1. To do this by the Globe, Rectifie the 
Slobe to. the Latitude of the place, and 
bring theSans place:t0.the Brazen. Meridi- 
an, and the:lodex of the bqur {ac cle. £0 127 
Then- bring any ftar "Hi fame Altitude 
on the Globe-that it hat 


[4 


| 


ſe as. before the Moon did come to 
the South at 8 hours, 41 minutes after noon - 
 oratnight,and the ſhadow of the Moon up-- 
on the Dyal were at 19. This wants 2 hours 
of 12,and therefore it wants 2h. of 8h. 41m. 
ſo that ix ts fix of the Clack, and 41 -. But 


in Heaven, and 
the: 


o 
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the Index of the hour-Circle will point ts 


the hoar-of the Night- 

2. By Mr. Gunters Notturnal. 
This Nocturnal 1s a-very ealie and ready 
way to find the hour of the Night by the 


} Rars wherein the .Center upon which+it 


movesis ſuppoſed the North=Pote; having 
ſeveral conſtellations: near the ſame Pole 
deſcribed -upbn the Nocturnal, witha Cir- 


cle of Motieths fixed lying without theRun- 


dle, as alſo an Hour-Circle of vice 12 h. 
one of the 12 ſignifying 12 at Noon, the 
ocher 12 at Midnight ; and the liſt ſup- 
poſed to be drawn betwixt 12-and 12, tho« 
rough the Center is the Meridian : Now for 
the uſe thereof, firſt look up to Heaven to 
the North Pole, and obſerve what ſtarsare 
upon or near the Meridian in H&tven: 


— Thenplace theſameſtar to thelike ſituatt- 


on upon the RundlegMnd againſt the day of - 

the __ you will find the hour of the 

Night: 

o In the third place, To find the hour of the 
Night by the Stars coming tothe Meridi- 
an ; their Riſmg, and Setting, and Rigin 
Aſcenſion. | | 

How to find the Right Aſcenſion of any 
ſtar by the Globe is taught, pag. 363, and 
is no more but inſtead of bringing the Suns 
place to the Meridian, you muſt bring the 
ſtar, (who Right ATcenſion you ſeek) > 


—_ 
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the Meridian, and the number of degrees? 


contained betwixt the vernal colure and 
that degree of the AquinoCtial which comes 
tothe Meridian with the ſtar, is that ſtars 
right Aſcenſion : Alſo by the Globe to find 
the time of any ſtars Riſing or Setting, or 
coming to the Meridian, is taught pag. 364. 
-364,How to find the Right Aſcenſionofany 
ſtar by.Theakers Planiſphear is ſhown pag. 


374:Asalſo their riſing and ſetting,and their 


coming tqthe Meridian, is ſhown pag, 375. 

To find the Suns Right Aſcenſion is the 
fame oth by. the Globe and Planiſphear, by 
bringing the Suns place to the Meridian in 
ſtead of bringing the Star to the brazen 
Mergdian on the Globe, or the paper Meri- 
dian of the Planiſphear, as is explained in 
the forementioned places, pag. 362, 374. 


you havealſo the Analogy or Proportion to - 


work it by Arithmgically , pag. 350. So 
need not here repeat Yny of them. | 
But ſhallſhew you how. by the Right Aſ- 
cenſion of the Sun and ſtars to find Arith- 
metically the time of the ſtars coming to 
the South, and thereby the ſtars hour, and 
by all theſe the hour of the night. 
I. To find at what hour any Star will be upon 
the Meridian. 
, Add the Complement of the Suns Right 
Aſcenſion for theday propoſed to the Right 
Aſcenſion of the Stzr, the ſum of them to- 
. gether will be the time of that ſtars being 
Upon the Meridign,, - | For 


at iN wt 


vs 
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For Example.  h.m, © 
The Bulls Eye 1ſt. January Right Aſcenſion, ——4 19 © 


; Tompl. of the Suns Right Aſcenſion i—— 4 2g 


The Bulls Eye upon the Meridian.—-——— 3 42 
That is,” 42 Minutes paſt 8 at Night. | 


It is noted by Norwood that any ſtar in 14 
dayes comes to the Meridian juſt an hour 
later, -and ina Moneth two hours. 

2, To find the Riſing and Setting of the 

Stars, | _—” 

The Semidiurnal Arch of any ſtar,gphich 
is half the time the ſtar appears above the 
Horizon, ſubſtrafted from the time of, the 
ftars being upon the Meridian, giveth the 
time of the ſtars Riſing, and the ſame Ring 
added thereunto, giveth the time of the 


. ſtars ſetting 3 and knowing the, time of the 


ſtars riſing or ſetting, and coming to the 
Meridian ; and ſeeig@any of the ſaid ſtars 
riſe, ſet, or come to the Meridian in Hea- 


+ ven , hereby you know the Exa&t hour of 


the Night. 
3. But to find the hour of the Night at any 
other time, you muſt know the ſiars hour. 


Now the ſtars hour is the horary di- 
ſtance, 6r the number of.hours that the faid 
ſtar is diſtant from the Meridian, or ſo ma- 

'ny hours as the ſtar is ſhort of, or paſt the 
Meridian, * | be” 
Now 


4 | : 
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New tb find the Hour of the Night at any time, by any of * 
_ the Stars. = | _ 
Add the Stars Hour, the Stars Right Aſcenſion,and | 
'the Complement of the Suns Right Aſcenſion ; all. 
-three together, the Sum is the hour of the Night. Av | 
for Example. | 
The Bulls Eye 11th of December. = 
The Stars Nour 15 — —— 
The Stats Right Aſcetiſion is 4 19 
The Complement ofthe Suns Right Afcenfion.—s 9. 


Somme 19 22 }; 


' Now becafife this exceeds 12, you muſt dedu& 12 F- 
from ig,;' ſo that the true hour of the Night is- 5 hb. 
22 Miflutes: And note further, That when this Sun 

* 15 (horrof 12, it ſhews the hour at Night ; when it : 
exceeds 12, it ſhews the hours next Morning: So that Y 
In a bragy- = Ir 15 7 b. 22 7. it the Morning ; and FI 
hereWirh I ſhall conclude. | | 

Having finiſhed what I intend to fay_ concerning #1 
Aſtronony, and the Reſolution of theſe Aſtronomical 
Queſtions of the Sphear, being the third and laſt Ma- | 
themarical Liberal Sciencgaccording to my Diviſion of. 
them 1n the bepirnine:? gcherefore here ſetupa Nor: } 
Uitya atthis time. Having (I hope) in ſome meaſure 4 
ſhewed you, How to Meaſure the Earth, the Sea, and 
the Heavens, principally and eſpecially by Trigonometry. 
Therefore in allufion to a Trianzle, the moſt excellent 4 
of Geometrical Figures, and the other Ternavies 'men- * 
tioned here, and elſewhere, pag. 2,3. I ſayin alluſion: 7 
to thefe. Tothe Tri-vn Deity. The Trinity in Unity, * 

-atid Unity in Trinity, who created All theſe Things of WM 
Nothing in Number, Weight, and Meaſure; by his Infi- 
_ nite Wiſdom and Powe:, and doth Uphold and . Go- 'iW 
' vern All by his Providence, and defign'd all for his 
"Glory, to him be all the Glory and Honour, and Ado- i 
ration in Secula Seculorun® AMEN, WE 


. Y FINIS. 
<A 


